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ABSTRACT
ObJect.

The obJject of project 4-16-16-011 was to design and develop a
3,000~-1b, nonpersistcat-gas warhead and all related fuzing, handling equipment,
and shipping equipment for the B-61A MATADOR pilotless bomber (see fig. 1).

The obJject of the work described in thls report was to study
the problems related to the development of a gas warhead for a 500-mi.-range,
surface-to-surface, subsonic, tactical guided missile of the B-61A con-
figuration; to produce designs of such a warhead and its related support
equipment; and to conduct the development tests necessary to bring the project
to a state of readiness for the final engineering test.

Results.

The effort resulted in the design and partial test of a gas
warhead and all of the equipment required for the assembly, storage, trans-
portation, and tactical employment of the gas warhead. The following 1s a
complete list of componernts which were designed and, in most instances,
partielly tested:

1. E6 3,000-1b. nonpersistent-gas warhead
2. E125 3,000-1b. nonpersistent-gas cluster
3. E54 3,000-1b. cluster adapter

L, Ti14O4 mechanical time fuze

5. Cluster assembly rack

6. Cluster handling clamp

7. Shipping container, hermetlcally sealed
8. Warhead handling sling

9, Warhead loading stand

Céancellation of the project curtailed the completion of tests
and such redesign as may have been required, but usage in the field in
support of the flight tert program gave strong indication that the items,
with the exception of the shipping contalner, were satisfactory. The first

shipping container has not been recelved from the contractor, so no evaluation
hes been possible.
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Six fin-stablilized warheads were released from B-36F aircraft
of which two falled to function, two functioned in an abnormal manner, and two
functioned normally. Bomblet patterns obtained from the four functioning
warheads Indicated that ground coverage was considerahly less than the desired
goal of 106,000 sq.yd.

The followlng date summarized the conditiéqs of relesase and
results obtalned from each test vehicle:

Table 1

Summary of Performance on E6 (as Warhead

Warhead no. 87A-1 8{253 87a-4 | 87A-5 ?2”:56 87A-7
Release altitude, ft. 36,890 | 35,942 ! 35,870| 35, 1+99 35,885 | 37,010
Releasge velocity, f.p.s. 558 523 452 490 Wo | 550
Separation sltitude, ft. 16,590 -~ 13,390, 15,680 -~ | 12,100
Separation veloelty, f.p.s: | 1,059 - { 990 - 1,030 -=1 1,073
Range: l
Release to separation, ft.| 18,810 es,c(>9§ 13,495 15,706 17,?3§ 20,190
b b
Separation to impact, ft. 3,000 2,250 687 --1 1,890
Balllstic wind:
Range, f.p.s. ~6.34 .- | =1.11| -13.71 -~ =4.81
- Croes, f.Dp:B» 6.48 ~-- 1 =30.46| ~8.11 - 7.10
Munition ESMR6 | E54R6 | EBUR6| ESLRE | E54R6 | ESUR6
No. munitions 306 306 306 306 306 306
Pattern dimensions, yd. 320 x -=- | 835 x| 350 x -~ 335 x
320 335 285 335
Recovery, % 97 -- 98 97 - 90
20 (e¢) range, yd. 125,19 -- |257.24! 128.18 -= { 140.08
207 déflestion, yd. 113.91 -~ {110.28| 106.96 -=1139.97
20 area, 8q.yd. 44, 800 -~ |89,100! 43,070 -~ | 61,600
20 area, % BL - 87 81 - 85
Pattern coefficient, D/R 0.91 - o.l+3, 0.83 -=1 0.999
e sp——

(a) Failed to function.
(b) Total range from release ‘to impact.
(e) o = Standard devietion.
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The T14O4 fuze, although not used as the prime fuze system in
the flight tests, functicned successfully during the flight tests and in the
limited static tests conducted. The fuze kad not been subJected to a complete
environmental test program prior to terminatlon of the project, but Jandications
were that the fuze couid successfully be used in the test program with no more
than minor changes required, if any.

Conclusions.

L. A complete gas warhead system for the B-61A missile has been
designed and partislly tested. However, indications are that the toxlc coverage
attained falls short by approximately 50% of the potential capability of a
warhead of this design.

2. A new approach to the problem incorporating some type of
dispersion mechanism or a new sklfrdispersing munition would be necessary to
achieve a better coverage of the target with agent.

3. The large errors which exlst in the terminal dive phase of the
B-61A missile at the present time make it questionable whether any reasonable
degree of accuracy can be achieved utllizdng the ES4R6 bomblet.

Recommendations.

None, since the projeet has been canceled and no further effort
will be applled.
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DEVELOPMENT OF THE Ef GAS WARHEAD FOR THE B-61A MATADOR
PILOTLESS BOMBER (U)

I.  INTRODUCTION.

A. Object.

The obJect of project 4-16-16-011 was to design and develop a
3,000-1b. nonpersistent~gas warhead and all related fuzing, handling equipment,
and shipping equipment for the B-61A MATADOR pilotless bomber.

The obJject of the work described in this report was to study the
problems related to the development of a gas warhead for & 500-mi.-range,
surface-tpranfface, subsonic tactical gulded missile of the B-61A configuration;
to produce designs of such a warhead and its related support equipment; and to
conduct the development tests necessary to bring the project to a state of
readiness for final englneering test.

B. Authority.

The authority for thls work is given under Project 4-16-16-011,
@B Warhead for MX-T771 Missile, which was established on 25 May 1951 (CCTC Item

- 2325, Establidhment of 67 New Projects in the FY 1952 Chemical Corps Program).

The project was canceled on 9 December 1954 (CCTC Item 2962, Consolidation of
Chemical Corps CW R&D Program for FY 55).

IT. HISTORICAL.

Investigation of chemical warheads for the MATADOR missile was
initiated during fiscal year 1948 under Project 4-16-06-~01, Chemical Warheads
for Gulded Missiles. This work was continued under Project 4-16-16-02, Warheads
for MX-T71 Missile, established 19 November 1948 (CCTC Item 1931). The results
of the work completed under the above projects are reported in detaill in
Guided Missile Reports 1 through 18 and will not be repeated here.

The work conducted under project 4-16-16-02 was related to
Phase I of the prime missile contract, the XPB8-A-1 (experimental) XB-61 missile,
and Phase II, YSSM-A-1 (limited production) YB-61.

On 28 November 1950 representatives of Headquarters, USAF, met
at Chemical and Radiological Laboratories to discuss the future of the MATADOR
warhead program. At this meeting the Air Force placed emphasis on development
of &4 nonperistent~gas warhead, to be made available by the spring of 1952.

Durling flscal year 1951 the Glenn L. Martin Company, prime
contracvor for the MATADCR missile, completed Phase II of the missile program

and initilated Phase JII, comprising fabrication and test of the production
missile, the B-61A (i.e., the MATADOR). 1In the course of the redesign for

CONFIDENTIAL
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production, the configuration was changed considerably, and the exlsting designs
for the gas werhead were obsoleted. This report covers all that has been done
during this period cn the development and testing of the GD warhead for the
MATADOR .

Work not completed under project 4-16-16-02 was carried over and
conducted simulteneously wivth project 4-16-16-011. This consisted of the
dynamic testing of three remaining fin-stabilized warheads of the YSSM-A-1
configuration.

A gas cluster containing 275 E54R6 bombs was designed, fabricated,
assembled, and flight-tested in August 1951 by the use of the ¥38M-A-1 fin-
stabilized warhead test vehicle. 'Individual munltion functioning was unusually
poor, and further testing was suspended, pending availability of an improved
unit munition. This munition, the E54R6, was clustered and assembled in two
additional YSSM-A-Ll fin-stabllized warlieads. The first of the two test vehicles
functioned normally, and a complete pattern was obtained. The second test

vehicle failed to open for reasons never completely established and impacted
intact.

A gpecific program for the development of a gas warhead for the
MATADOR was established on 25 May 1951 (CCTC Item 2325, Project 4-16-16-011,
GB Warhead for MX-TT1 Missile).

III. ANALYSIS OF THE PROBLEM.

A. Military Cheracteristics.

The military characteristics governing the development of the
GB warhead for MX-771 misslle are contained in CCTC Item 2#83, Continuation of
271 Projects in the Chemical Corps FY 1953 Program and Revisions Thereto,
approved 23 Junheé 1952, . They are &s Tollows:
1. The warhead shall be capable of:

a. Establishing & lethal dosage of GB in 30 seconds over the
meximum aree possible.

b. Achleving reproducible ballistics.

c. Distribution of individual munitions at a speed of Mach
0'9 'tO 1.2-

2. The warhead shall be designed to:

8. Conform to the warhead spaze and sghape avallable in the
MATADOR missile.

b. A weight of 3,000 1b.t 150 1b. Ballast may be used if
necessary.

CONFIDENTIAL
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c. Be interchangeable in the MATADOR with other warheads
gpecified in SSM-M/C2A, deted 16 August 1950.

d. Be capable of secure attachment to the missile within
30 minutes by a trained crew and thereafter be ready for firing within an
additional 10 minutes.

e. Be capsable of all-weather employment within the limits
of the agent filling.

f. Be stored under uncontrolled temperature and humidity
conditions for at least 5 years without deterioration to the extent that the
warhead, exclusive of agent filling, is rendered unserviceable.

g. Be safe to handle and store, requiring no special handling
equipment other than that required for handling HE warheads.

h. Be transportable by all conventional military transportation
methods.

i. Be provided with a reliable fuzing system capable of opening
the wurhead at any desired altitude over the target wlthin the operational
limits of the MATADOR missile.

B. Factors to Be Considered.

1. Comments on the Military Characteristlics.

From a warhead design viewpoint these military characteristics
are written broadly enough to allow considerable freedom in establishing a
warhead concept. Weight and space corrsiderations posed no particular problem
in the light of past experience with the YSSM-A-l missile nor did inter-
changeability with other warheads. The design aspects appear tc be generally
straightforward.

Actually, the entire program is an extension of the work
previously accomplished in connection with the YSSM-A-1 missile and no
redical changes are antlicipated. This course of action is due malnly to
the shortened development time allowed by the missile schedule established
by the Alr Force. Here the emplasis lay on delivering a complete and
acceptable warhead system in advance of the phase-out date for the missile.
The originel date for completion of the development phase was set for June
1953 (although this schedule and the missile schedule both slipped considerably
later on), allowing approximately 2 yr. for the complete development of the
warhead. This, obviously, was not time enough to couduct & thorm:gh and
comprehensive lnvestigation into various systems for carryl.g and dlspersing
the unit munitions. Tor this reeson the only approach was along the same
lines as were followed on the YSSM-A-l missile,

CONFIDENTIAL
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The warhead would consist of a simplified method for containing
the unit munitions and & simplified and more reliable opening system. This
concept, as in previous development work, would not incorporate any special
devices for alding in the dispersion of the wnit munitions.

Together with the warhead itself there would be certain other
items of support equipment such as ciustering fixtures, shipping container,
hoist slings, assembly &tands, and an array of conventional portable tools
necessary for the assembly and handling of the warhead, beginning with assembly
of . 'the gluster and following through to attachment and checkout of the warhead
on the missile.

Having established the warhead concept there were certain -
problems which must be resolved elther by design or by test, oriby both. The
cluster adapter must he deslgned to conform to the space available in the nose;
and the nose, in turn, would have %o provide a sultable melhod for mounting
and retaining the assembled cluster. This was a matter of logical design and
coordination.

An entirely new method for positive separation and opening of
the warhead would be required. This could also be worked out in the design
phages and proved by stetic and flight tests.

Tuzing 1s also a design problem which requires integration with
the over-all system to insure rellable performance. Success of the fuze
development would also have to be established by static and flight tests.

Deslgn of the support equipment appeared to be routine with no
particular problems involved. These items would be modified and improved where
revisions hecome apparent through usage.

Apart from the mechanlecal problems involved there are those
which are related to the unlt munition, such as ability to reproduce the
ballistice of the warhead, ability of the munition to withstand release at
velocities from Mach 0.9 to 1.2, determination of the optimum warhead-openins
altitude, and the area coverage attalneble with this warhead concept. Answers
to the questions posed by these problems will be found in the results of the
flight test program.

Storage capabiilty of the warhead cluster can only be determined
after a comprehensive long-range program, although a reasonable prediction may
be made on +the hasis of knowledge already available on the unit munition.

Based on the allowable warhead weight, a cursory exemination
indicates that roughly 330 unit munitions can be carried. This agent payload
could cover an estimated 114,000 sq.yd., 80% of which would be covered,
within 30 sec. efter the bomblets impacted, with a sufflcient dosage to cause
the death of 50% of the exposed personnel.
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The characteristics of the E54R6 bomblet will assuredly exert
a strong influencé on the over-all ballistics of the warhead system. In
still air the E5MR6 stabllizes immediately after release and has a vertical
trajectory to impact, but still ailr is rarely encountered. 'The munition is
affected in its fall by each change in force and direction of the wind, which
have been determined to be 76 ft. of drift for each 1,000 ft. of altitude and
each 10 m.p.h. of wind. The average effect, or bellistic wind, can be .
determined from the meteorological date at any given time and successfully
used to calculate the total angular and linear drift of the munition. These
effects will have to be taken into account in establishing the misslle flight
plan by utilizing the best meteorological information obtainable at the target
and correcting the missile dump polnt asccordingly. Lack of reliable terget
information will result in inaccuracy and ineffectiveness of the weapons sysdtm.

The principal unknown quantity in the warhead concept is the
area coverage which can actuaslly be achieved with the E54R6 munition when the
munition is dispersed in such large numbers. It has previously been determined
from tests of bomber-borne clusters that the pattern size cannot be increased
by any further increase in the opening altitude above a certain point. The
questions then are: (1) What area coverage can actually be achieved? (2) At
what altltude must the warhead be opened to achieve this area? If the area
obtained from the flight tests is approximately equal to that of the theoretical
coyerage, then it can be said that the military characteristics have been met
with & relatively inexpensive, uncompliceted warhead system. However, if the
theoretical area coverage 1s greater than the actusl ares coverage, then the
decision has to be made as to what the minimum acceptable coverage must be to
Justify the misslle expenditure.

2. Esteblishpént of Basic Design.

&. Key Factors.

To meet the milltery characteristics the key factors are: the
payload conelderations as defined by the center of gravity, the allowable
welght in the nose casing, and the available volume.

These three factors are established by the missile designer
and cannot be arbltrarily changed in order to suit the design of the warhead.
The center of gravity and sllowable welght are flexible to a degree, but the
avallable volume is fixed by aerodynamic considerations. These considerations
set definite limits within which the physical characteristics of the warhead
must fall in order that the missile~warhead comblnation will be compatible.

b. Estimation of Area Coverage Desired.

The theoretical area coverage to be attained with a toxic
cluster-type warhead will be governed by the following design parameters of
the individual bomblets: (1) the dlssemination characteristics, (2) the number,
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and (3) the distribution. The other dominant parameters are: (1) the
meteorologicel conditions, (2) the lethal dosage of the dispersed agent,
(3) the criterion in terms of time of dosage-area achievement assumed, and
(4) the percent coverage of the area to be attained.

Thus, in the finel analysis, from a deslgn viewpoint the first
step 1s to determine how many bomblets can be packeged within the space and
welght limitations of the warhead compartment. Once this information is
available, the other date are combined, and estimates of the desired distril» . .
bution of bomblets can be calculated.

For the purpose of estimating the effective area coverage, it
was assumed that the bomblets would be distributed over 80% of the area and
that 50% casualties would be attained if a dosage of 100 mg.min./m.3 was
established in 30 sec. or less from the time of impact of the bomblets.

Co Cluster Adapter.

~Baged upon the number of unit munitions which can be carried,
a design for an adepter to contain these munltions will be required. The
physlcal characteristics of the adapter are governed not only by the number of
munitions, but also by the design features of the missile alrframe, its aero-
dynamic configuration, and missile wéight and balance conslderations. Accord-
ingly, the number of unit munitlons and the design of the cluster adapter are
directly related to the miseille characteristics.

d. Gas Cluster.

The unit munitions and the adapter in combination constltute the
gas cluster to be carried by the missile. In developing the design for the
cluster and 1ts components, careful consideration should be given to several
important factors. They sre:

1. Simplicity of design

2. Use of noncritical materials

3. Ease of assembly

4., Ease of handling

5. Safety in assembly, handling, and storage
e. Nose Casing.

Design of the nose casing (or warhead compartment), as an
integral part of the misslle alrframe, is the responsibility of the prime
misslile contractor. Close coordination and cooperation between the contractor
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aitd these Laboratories are essential 1f an adequate design is to be achieved.
Preliminary designs of the nose casling and the cluster adapter are checked
agalnst each other and modifisd where necessary to eliminate any possible
mechanlical conflict. Considerable thought must be glven to the nose casing
design which 1s to result in a warhead compartment capable of transporting the
cluster to the target under all design loads and yet of opening readily and
easily ovef the target without damage to the cluster.

T, Fuzing.

A reliable fuzing system 1s required to ceuse the warhead to
function at the proper altitude over the target. The fuze system selected 1
will be powered by the missile electrical system and actuated by the missile i
guldance system. The fuze system wlll also require certaln safe features
unique to miusiles in general, because arming and functioning are accomplished
remotely, either by timing or by impulses received by the guldance sytem.
The system will also have to be safe throughout all ground handling operstions,
through launch, and then beyond to & point where an armed warhead will present
no hazard to personnel and materiel within the bounds of frilendly territory.
It must also be protected against enemy countermeasures.

g. Handling Equipment.

As the development of CW warheads for guided missiles 1s an
entirely new branch of the art, there 1s little opportunity for employing
conventional methods of handling and assembly such as exist for munitions
carried by piloted alrcraft. Primarily this results from the considerable
increase in size and welght of the package carried by the missile, meaning,
in this warhead, & threefold increase 1n weight alone over the largest chemical
munition carried in & conventional bomb bay.

To minimize the logistle requlrements for the tactical MATADOR
misslile, every effort should Le made to stendardize and utilize the equipment
required to handle all of the warheads being developed for the missile. This
will require close coordination with the other warhead agencies to insure that
items of equipment are not needlessly dupllcated.

h. Shipping Container.

The size and weélght of the payload suggests that shipping rings
and guards as used on bomb-bay munitlions will not be adequate in the case of -
the gas cluster for the MATADOR. Hermetic seallng of clusters in the 1,000-1b.
range proved difficult enough and may be virtuslly impossible from & practical
standpoint in the case of units of the 3,000-1b. category, and beyond. The
loads imposed by normal handling and transportetion of these heavy units would
require a ruggedness that would impose an unacceptable penalty on the effective-
welght of the payload. Therefore, employment of & reusable, hermetically
seeled container, wilth sultable load-dampening devices, 1s considered the method

which will allow for extreme simpliclty of deslgn and maximum agent-weight ratio
dA the cluster,
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IV. DEVELOPMENT.

A. Design of Prototype.

The whole problem of developing & chemical warhead for the
MATADOR is related entirely to the maximum permissible payload which can be
carried by the misslle, the location of the payload, and the space available
for the payload. These limlts are well defined for the B-6lA missile inasmuch
as the configuration, as well as all other design criteria, has been fixed by
the prime missile contractor in accordance with the scope of the contract.
These limlts impose certain restrictions on the warhead development and may not
permit the development of the optimum CW warhead for the missile.

Welght of the warhead including the nose casing ranged from
3,150 1b. for & miseile gross weight of 13,215 lb. to 3,350 lb. for a missing
gross weight of 13,415 1b,, for & constant misslle center-of-gravity of 235.8.

By, design the nose casing alone weighkd 220 1b., meking a cluster weight ranging
frpm 2,930 to 3.130 pounds. The nose center-of-gravity through this range is 71

to 80 in.

Examination of the available space in the nose section indicated

that & maximum of 330 E54R6 munitlons could be carried. This quantity of bombs
welghs 2,739 1lb., leaving only 191 1b. for the weight of adapter and other
necessary components, for warhead weilght of 3,150 1b. This value represents
the forwerd center-of-gravity limit, i.e., 71 in., and this condition probably
would not occur; however, it i1s a condition which exists and must be reckoned
with.

The 330 units were laid out in an arrangement of 6 banks, each
bank of which would be included within a cirele 32 in. in diameter, which was
estimated as the maximum dimension sllowaeble at the forward nose statlion. The
six banks came within the 78 in. available from the forward nose station to
the base. Here sgain it was apparent that the 55 bombs in the bank permitted
no wcight allowance for the development of an adapter to contain the bombs.
Further study showed that by merely eliminating four bombs in each bank, the
adapter could be developed with ample allowance for subsequent design changes.
This also reduced the bomb weight to 2,5&0 1b. and increased to 390 lb. the
weilght available for the adapter and other components.

.....Based .on the néw value of 306 ESLR6 munitions, the potentiality
of the gas warhead was estimated to be 106,00 sg.yd.. This aree-is bksed on
wunition expenditure rate of 28.9 bombs per 10,000 8q. yd. in a Gaussian
distribution 80% of which area is covered with a lethal concentration (100 mg.
min-/cuﬁm.) within 30 sec. ('"Munition Expenditure Estimates for the ELO1R3
Cluster; dated 17 January 1953, prepared by Test Division, C&RL).

The same number of E54R6 bombs in a random distribution
potentially is capable of covering en area of 201,000 sg.yd., 80% of which

with an equlvalent dosage, at a munition expenditure rate of only 15.2 bombs
per 10,000 sq.yd. This type of distribution is nol possible with the ESURS
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munition when the warhead system relies solely on aerodynamic lactors for
dispersion and can only be achieved by incorporating special mechanical
devices in the warhead. In the absence of such a device the former values

must be considered for the B-61A warhead.

The foregoing values for area coverage for both Gaussian and
random distribution are based on metecrological conditions of slight lepse
to extreme inversion, 3- to 8-m.p.h. surface winds, and an air temperature

at 50°F. or higher.

A summary of preceding analysis follows:

Table 2

Summary of Design Data on Fo Warhead for MATADOR Missile

Warhead center-of-gravity

Adapter weight

Ares coverage

390 1b. (mex.)

106,000 sq.yd

70.25 in. 80.0 in.
Gross missile weight 13,215 1b. 13,415 1b.
Warhead weight 3,150 1b. 3,350 1b.
Nose casing weight 220 1b. 220 1b.
No. of munitions 306 306
Weight of munitions 2,540 1b. 2,540 1v.
Missile center-of-gravity | 235.8 in. 235.8 in.

360 1b. (max.)

106,000 sq.yd.

From this point the deslgn and development of the warhead
and 1ts related components went forward and is reported in detall in the

following sections.

1. Weapons System.

a. Nose Case.

Experlience gailned in the development of chemical warheads
for the interim (YSSM-A-1l or YB-61) missile demonstrated the difficulty
of designing around a fixed warhead compartment, i.e., establishing the

configuration and structural design of the YB-6lnose with no serious
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consideration for the stowage of the chemical warhead. For example, the space
availlabie in the YB-61 nose allowed for no more than 275 E54R6 bombs. By
changing the oglve of the nosc only slightly it wes then possible to contain
306 bombs as in the B-61A nose. The effectiveness of the warhead was
seriously hampered by this inflexibility, and the Air Force was requested

to author’ze that the design of the B-61A warhead compartment and the

chemical warhead peckage should proceed simultaneously with a high-degree

of coordination between the Chemical Corps and the prime contractor, the

Glenn L. Martin Company. The Air Force agreed to this, and a series of
meetings was held with proJject personnel of the Glenn L. Martin Company.

Preliminary nose-section designs were prepared by The Glenn
L. Martin Company, offering seven methods of mounting the cluster. These
investigations are reported in detail in Glenn L. Martin Co. Engineering
Report 4540 (1). As indicated in this report one design was considered
over the others and was eventually brought tc 1ts present state through
continuous coordination between Chemical and Radiologlcal Laboratories and
the Glenn L. Martin Company.

The present B-61A chemical-warhead nose shell is of the split-
frame, monocogue design. The entire skin is made of 0.072-in. 248-Th clad
aluminum elloy sheet from station 40 to 120, and is joined together at the
two verticel seams by a splice strap of 0.051-in. 24S-T4 clad aluminum alloy
sheet. The frames are made of 0.064-in. and 0.072-in 14S~-T5 clad aluminum
alloy sheet and are split at each vertical seam. A conically shaped fiber-
glass nose 1s attached to the rib at station 40. Provisions are made for
the primacord at both vertical seams by means of a rubber extrusion cemented
to a bent-up aluminum alloy engle. The same rubber extrusion was installed
around the fiberglass nose Just forward of station 40.

The nose shell 1s attached to the missile center section by
means of four high-strength special bolts, heat-treated to 180,000 p.s.i.
These bolts are specially designed to contain a commercial du Pont E8L
electric blasting cap within a drilled-out portion. The bolt is undercut
precisely at the splice station to insure that when the caep 1s exploded
the beolt will shear properly and separate the warhead cleanly from the
missile. The bolt is inserted through a recessed "bathtub" fitting in
the center section and threaded into a Rosan insert in the longeron in
the nose section.

The explosive bolt was the result of an extensive
investigation conducted by the Glenn L. Martin Co. with the object of
determining the optimum bolterupturing charge and the depth of undercut
necessary to obtain a clean fracture. The results of some of the
experimental work are shown in [figs. 2 and 3. The bolt subseguently
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FIGURE 2

USING 15-GRAIN PETN ELECTRIC BLASTING CAP

TEST OF EXPLOSIVE BOLT IN SIMULATED BULKHEAD SHOWING CLEAN FRACTURE
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FIGURE 3

REQUIRED

TESTS CONDUCTED TO DETERMINE OPTIMUM CHARGE
TO_FRACTURE EXPLOSIVE BOLT
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selected was 0.625 in. in diameter; & 0.28L-in. hole was drilled from
the head through the shank to a depth of 1.625 in. The undercut in the shank
1s 0.545 in. in diameter and 3/16 in. wide.*

The cluster 1s supported internally at the forward end by a
ring frame nesting the clister, completely around its periphery. At the base
the cluster 1ls supported by an X-freme, & circular flanged pan with cross members
that attach to the four longerons. The attachment ¢ the cross members to the
longercons 1s accomplished in such & manner that the X~frame is locked in
positively until the primesecbrd cuts the nose casing, which immpdiately frees
the X-frame from the base of the cluster.

The nosge design was proved by a series of tests, The Glenn L.
Martin Co. was awsrded a contract (DA-18-108-CMI.-3462) to fabricate and
statically test three B-61A chemical warhead nose casings. By means of the
four explosive bolts the noses were secured in a vertical, nose-down attltude
to a specially constructed test stand. A lanyard was attached between the base
of the nose and a migwoswiteh, which had been mounted on a stationary panel on
the test stand to provide & short delay between bolt and primacord detonation.
In each test an empty ES54 cluster adapter was assembled in the nose. High-speed
camerss were placed to film the test from two points, roughly 90° apart.

The tests were conducted successfully with the system functioning
in each case as planned. The high-speed movies also indicated that the gases
generated by the primacord forced the separation of the nose halves 1n a very
Fforceful menner. This fact indicated that there would be no interference from
the missile nose parts during opening of the cluster. Examination of the
adapter showed a series of pock marks in & line directly under the primacord on
both sides; otherwlse there was no indication of any damaging effect from the
blast which might prove harmful to the small munitions. These tests are re-
ported in detail in Glenn L. Martin Co. Engineering Report 5387, including one
reel of 16-mm. movie film of the test (2).

In the course of the development of the B-61A missile, an
attempt was made to design a universal waerhead compartment which could
accommodate any of the proposed warheads. Although such a compartment -
would be "very desirable; the -idea’proved t& be highty-impractical from ..
several viewpolnts; for example, the present configuration for chemlcal

*This bolt was eventually redesigned to reduce the dlameter to that of
the bolt used to attach the primary warhead to the hissile, thus
permitting use of the same splice fittings and furthering the effort
to standardize the missile design.
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warheads is much simpler and less costly than that required for the special
warhead. An alternate to this proposal would be to design & missile which,
from statlon 120 aft, would be capable of carrying all warheads and also

fulfill the needs of any given warhead. This approach would mean consider-
able simplification from a production standpoint and from a logistic angle.

This principle was adopted in theory; however, in designing
the chemical nose which was used on the fin-stabilized warhead thils concept
was not followed to the letter. The attachment bolts of the original design
were a size larger then that used for other warheads; the electrical wiring
for the explosive bolts was contained in the missile center section. This
arrangement was changed by placing the wiring in the nose casing, and the
bolt size was also reduced to conform to that of -the other warheads. In
addition, the Rosan insert was eliminated by redesigning the nose case
longerons to incorporate "bathtub" fittings, as on the center section. The
bolt 1tself was lengthened by 5/8 in., and an elastlc stop nut was used in
place of the Rosan insert. This modification further simplified the warhead
assembly by allowing the use of standard tools and also by making the
allignment of missile and warhead less critical during the operation of the
bolt attachment. These modifications were bullt into three noses which had
originally been programmed for missile flights with the E125 gas warhead.

b. ES54 Cluster Adapter.

Design of the cluster adapter proceeded from the parameters
previously described. Here agaln, the experience gained on the YSSM-A-Ll
program proved of great value because several undesirable features had
already been brought to light so that a sounder approach to the new design
was possible. The first consideration was the reduction of welght. The
"Y' adapter of the earlier design was of sheet steel construction with
urrieldy end plates, which weighed approximately 450 1lb. Nevertheless, the
adapter was not considered strong enough to withstand handling and shipping.

The field of low-pressure, fiberglsss-reinforced plastics
was first investigated from weight/strength and avallability standpoints.
It was Iindicated that this meterial could apparently be utilized in the
design of the adapter, and design studies were made based on this material.
A preliminary drawing was prepared of a design for a cluster adapter molded
entirely of fiberglass-reinforced plastic, consisting of two ldentical
halves with the longitudinal axis lying in the perting plane. The two halves
of the device are locked together by & latching mechenism running along the
edges; the latches, six on each side, being actuated simultaneously by push-
pull rods which protrude through the base of the adapter. This latch
mechanism 1s included only to keep the cluster intact during storage, shipping,
and assembly in the warhead. Afte. the cluster is assembled in the warhead,
the latches are relegsed, and the integrity of the cluster is maintained
solely by the nose structure. With the exception of the latching mechanism,
the adapter half is molded in one pilece.
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The preliminary design was submitted to several concerns with
invitations to bld on a contract for the deslgn, development, and fabrication
of fifty cluster adapters. The Winner Manufacturing Co. of Trenton, New Jersey,
was the successful bildder, and contract DA-18-108-CML-3040 was signed on
21 December 1951.

The problem was studied by Winner on the basis of the preliminary
design; s preliminary stress analysis indiceted that the design was sound and
that & comfortable margin of safety existed. Additional latches were incorpo-
reted to insure the integrity of the assembled cluster, and locating pins were
ine orporated at the four corners to facllitate alignment of the two halves.
Otherwise, the haslc design remained unchanged. A complete history of the
development, analysis, and fabrication of the cluster adspter cen be found in
the contract reports (3). The adapter was subsequently designated Adapter,
3000-1b. Cluster, E5k.

The first three adapters were fabricated with 1/hk-in. end
sections, which failled readily in end-drop tests. The design was changed
to dncrease the thickness to 1/2 in. and the inside redius at the Joint
between the -cylifddé@r and the end wes lncreased. This change proved satis-
factory so that no further changes were Incorporated in the remaining adapters
fabricated. Testing lagged behind fabrication, s condition which made 1t
necessary to accept the remaining adapters on the strength of visual inspection
and limited static tests. Despite this gap between manufacturing and testing,
subsequent tests revealed only minor defects which could be improved. These
items will be noted in detail in the section on flight testing (see p. 58).

Specimens were taken from one of the ES5L adapters to evaluate
the physical propertles of the laminated flberglass material. All specilmens
were conditioned for & minimum of 48 hr. prior to test in an atmosphere of
75 T 2°F. and a relative humidity of 50 t 2%. These conditions were slso
maintained during the test. The results are glven In table 3.

The values obtained from these tests are in close agreement
with the criterls established by Owens-Corning Fiberglass Corporation, makers
of the fiberglass mat used in the E54 adepter.

Several samples of the laminated fiberglass were subjected to
chemical tests to determine the compatibllity of the laminate with GB.
Samples messuring 2 by 3/4 by 1/2 in. were cut from the end bulkhead of the E5k
adapter. One 2 by 3/4-in. surface was the external face costed with the
overlay; ths othkr.2 by 3/hk-in. surface was the internal face with no overlay.
The other four surfaces were cut through the leminations exposing the fiberglass
ends, resin, and filler. Laminate samples were partially immersed in stabi-
Jized GB in steel test cups, leaving a 50% void. The cups were closed with
bushings fitted with pressure geges and were then stored at 71°C. wntil
removal became necessary due to excesslve pressure development. Results of
the storage tests are given in table 4.
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Table 3
Physical Properties of Laminated Fiberglass Used in the E54 Cluster Adapter

A, Tensile Strength (Fud. Spec. L-P=406b, 1011).
f -——ﬁ—;—i—-t;r—i-m“ifk:;s Load | Elongation | Ultimate strength Remarks
{ in. in. 1b. in. Pes.d,
. Average 0,503 o.7ho 6,887 0.054 18,500 Rate of head travel constant at
0.20 in./min.; five specimens
Low 0.h95 0.734 5,435 Negligible 14,700 in all
High 0.507 0.746 | 8,300 0.063 22,700
B. Flexural Properties (Fed. Spec. L-P-4OSb, 1031.1).
" _Value | Depth] Width] Span [ Ratio: _span/depthl Toad [ Maximm fiver stress| _ Remsvrks
in. in. in. b, PeB.L, |
Group It Five Specimens Loaded Parsllel to Lamination
Averagel 0.385( 0.382| 6.539 17,1 170.4 29,600 Rate of head travel for both
| groups constant at 0.10 in./min.
| Low 0.381] 0.375] 6.477 17/1 165.5 28,200
| .
. High 0.388| 0.390| 6.600 17/1 177.0 30,800
S
l Ji ' Group II: Five Specimens Loaded Perpendicular to Laminations
Average| 0.381| 0.387| 6.1485 17/1 176.5 30,500 Rate of head travel for both
groupa constant at 0,10 in./min.
Lov 0.375( 0.381] 6.375 171 162.5 28,900
High 0,388 0.398| 6.600 17/1 191.5 31,500
¢. Compressive Btrength (ASTM DEQ5~koT).
i Toad 8% ] C Ive | Compressio
| Depth| Width| Thicknens| Area | failure ﬂ;;;h ®| at sailure Runerke
i &, | In. o, 8q.1n.|  1b, Pebel, )
i Average| 0.999| 0.472 0.499 0.236 5,159 21,900 2.2 Rate of head travel constant at
| 0.20 in./min.; six specimens
| Low 0.998] o.k70| 0.496 | 0.235 | k4,750 20,000 1.5
‘ High 1.000| o.475]| 0.500 |0.236 | 5,635 23,900 2.5
D. ghear fitren AST™M «L6).
Depth, Diameter of shear tool Ares Load Sheer strength . Remarks
in. in, 8q.in.] p.s.l. p.s.i.
Aversge| 0.491 1.000 1.541 | 24,000 15,800 Six specimens, each approximately
£ in. square
Low o.k77 1.000 1.499 23,100 1k,800
| Eigh 0.495 1.000 1.558 | 25,500 16,300

fl
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Table 4

Repults of Storage Tests of Laminated Fiberglass in GB

bottom of cup

Specimen 1 Speclmen 2 Specimen 3
Length of storage, da. 30 17 30
Pressure developed, p.s.il.g. 82" 110 95
Conditions after storage:
GB recovery, % 77 88 90
GB analysis:
Acidity, mg.BY/100 g. 71 63 59
Tonic fluorine, % 1.2 oL 0.8
Purity, % 61 - -
Appearance Cloudy amber | Amber liquid; | Cloudy amber
liquid; dark | black deposit| liguid; dark
Adeposit on on sides and | deposit on
sldes and bottom of cup| sides and

bottom of cup

The samples presented the same appearance upon removal from

storage. All were quite badly damaged:

The overlay was flaking off; white

growths had eppeared on the cut edges; and the specimens were badly swollen.

In examination of the results, 1 would appear that the

laminate 1is unsatisfactory for use with GB.

Although the overlay appears

to have been affected by the GB, the principle difficulty was undoubtedly
caused by the calcium carbonate base filler used in manufacture of the

laminate.

Because of the failure of the calcium carbonate flller, it
vag decided to investigate the compatibility OF GB.¥ith other fillers.
One that appeared likely to be stable in GB was Columbia Hi-Sil, a silicon
dioxide plgment produced by Columbia Chemicals Division of the Pittsburgh
Plate Glass Co. Mixtures of 0.050 g. of Columbie Hi-Sil and 30.0 g. of
plant-stabilized GB were stored for 1, 2, and 3 mo. at 71°C. in steel test

cups equipped wilth pressure gages.

alone.
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Results of tlhese elevated-temperature storage tests show that
Columbiae Hi~S1i1l has no significant effect on the agent. After 3-mo. storage
20 p.s.l.g. was developed in the mixture of Columbia Hi-Sil and GB as compared
with 12 p.s.l.g. for the contrcl. This pressure difference covers ‘the range
normally encountered in duplicaete tests. It could not be visually ascertained
whether the H1i-S5il remained particulate or had dissolved in the agent.

c. Linersu

One feature of the adapter not mentioned heretofore 1s 1ts
capabllity for carrying any of the existing BW-CW munitions. This is
accomplished by Interchanging the liners which support the banke of manitions.
Development of the liners wes originally included 1n the scope of contract,
but later the Winner Manufacturing was relieved of this responsibility, and
the development was undertaken in these Laboratories. The prime conslderation
was selection of a materlal which would be slightly resilient and yet woudd
not take & permanent set. These characteristics are essential for two reassons:
(1) The liner must be resilient to facilitate assembly of the cluster; and
(2) the liner must meintain the integrity of the bomd bank under all haendling,
transportation, storage, and missile flight conditdons for at least 5 yr.
without losing its resiliency.

Several materials for liners were studied and either investigated
or set aslde for future consideration. These materials and the action taken
are listed below.

Material anéd source Remarks
Royalite : A lighwelght, semirigld synthetic composition,
U.S. Rubber Co embodying millions of tiny cells which are

not connected; slthough embodylng many good
characteristics, takes a permanent set from
loads in excess of compressive yield stress

“8tyrofoam A cellular cellulose nitrate compeosition
Various Sources similaer in construction to Royalite; subject
to permanent set under excesslive loads
Texlite Curled hair and/or wool fibers, bonded with
Sponge Rubber Products Co. sprayed latex; extremely light; appears to

have & high molisture-absorption capacity;
may be troublesome in forming or cutiing
to speclal shapes

CONFIDENTIAL
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I Material and source

e e e e T T

Charred cork  Cherred, shredded.corkrbonded -together in
Armstrong Cork sheet stock; insufficlent resillence for this
particular spplication ag it has no inherent
strength and sectlions break easily under
normal handling; could poseibly be employed
by applying a coating of latex, but this adds
to the production process and considersbly
Increases the cost

Phenolic-filled fiberglass Material shows great promise, but further
Oweng=-Corning Fiberglass investigation was put off due to the time
and others and the initial costs involved; proposed

application required that the liners be
built up from commercial sheet stoek or
molded from the rew meterials

Spongex Mefle of natural or synthetic rubbers,

Sponge Rubber Products Co. investigation of this material deferred,
pending results of investigation of tther
materlsls with a view to finding a satisfactory
product which is noncritical or less critical

| than those utilizing naetural or synthetic

i 1 rubbers as the base

Texfogm . Product was deferred together with Spongex for !

Sponge Rubber Products Co. the same reasons, being a latex rubber i
f8rmulatidn..

Ruhatex Also & natural or synthetlc rubber; set aside

Rubatex Division, Great with Spongex and Texfomm .

Amerlcan Industries

Expended polyvinyl chloride As name implies, this material: is formed by
Neff-Perkins Co. expanding molten polyvinyl chloride in molds,
using nitrogen gas under pressure; material
shbwed conslderable promise and 1s the one
which was investigated most thoroughly; its
development as a liner is discussed in greater
detaill below

The 1ist does not represent all of the materials which had
cushlioning properties, as others, not named herein, were discarded at sight
because of obvious disadvantages. '
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Expanded polyvinyl chloride, the material most thoroughly
investigated, 18 formed by expanding the molten vinyl with nitrogen gas
under very high pressures. The resultant product can be eiiher intercellular
or unicellular, dependent on the particular process employed.

In the absence of any specific design intormation on the
expanded vinyls, samples were molded to the exact shape required for a
no-load condition in the adapter. These samples were mede in these
Laboratories at a time when little was known of the processes or charactery
istics. The average fHensity for thie initial lot was about 12 1b./cu.ft.,
which was a good bit higher than that desired. However, the samples were
first tried for sultability in the cluster and sppeared to provide firm
seating for the munitlons. Because of the urgency of the flight test program
after & limited investigation of this inltial lot, 1t was decided to produce
two complete sets for two clusters; however, production of these two sets of
liners consumed an excessive amount of time which could not be tolerated
schedule~wise.

Other material sowrces were then sought, and one manufacturer,
Neff-Perkins Co., offered expanded vinyl in sheet form of varying densitles
and thicknesses. Sheets 2 in. thick having e density of 4.5 1b./cu.ft., f. om
which the liners could be cut, were obtained. The commercial product had
. several adventages over the laboratory samples, among these being controlled
P density, unicellular construction, and elimination of the molding process.
by The laboratory samples had, however, a very high rate of molsture absgorption,
|4 a condition which was extremely undesirable in thils application.

A set of liners for a single bank of bombs was cut with
arbitrarily selected outer radiel dimensions, and wes used to cluster a
single bank of bombe in the adapter; deficiencies were noted. The radial
dlmension was altered until an acceptable fit was obtained. No vibration
and shock tests were conducted since they could not be conducted independently
of the shlpping contelner, which was alsc under development.

Samples of the laboratotry-produced expanded vinyl were
submitted for compatibllity tests with GB. The samples were immersed for
an extended period of time in stabilized GB in sealed steel cups; they were
then removed and examined. They showed no vieible evidence of deterioration,
but on decontamination they completely disintegrated. It 1s anticipated that
samples of the commercial product will be subjected to the same test to
determine whether the cell structure has any bearing on the ability of the
material to remain stable during and after immersion In GB. More work is
required on the verious materials before it can be safely said that the
‘ final choice will be completely ssatisfactory.
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d. B125 Nonpersistent-Gas Cluster.

(1) Assembly.

Having procured a quantity of E54 adapters and liners, the
next phase concerned the static testing of the E125 gas cluster. Flt tests
were conducted utilizing the ESUR6 gas bomb. Some difficulty was encountered
in the early clustering operations when cork was used as the liner materilal,
as 1t was virtually impossible to secure the top half of the adapter without
applying excessive pressures. This was due primarily to the difficulty
encountered in holding any tolerances when cutting the cork and also tc the
lack of uniformity of the inner surface of the adapter.

When the fit tests were repeated using molded expanded vinyl
liners, the clustering operation waes acqomplished without difficulty, and
the top half was installed and locked in place by applying hand pressure only.
All of the preliminary clustering operations showed the need for a suiteble
method of reteining the liners and the munitions which extend above the
parting line.

(2) Acceleration Load Tests.

The' cluster was next tested to determine its ability to
withstand the missile acceleration loade at launch and in flight. The
severest load conditlons imppsed are 5 g axially and 4 g laterally. In
considering the axial loads, it 1s evident that the loads are transmitted
through the base of the cluster to the X-frame and thence through the
missile structure. The only effect produced is a crushing load on the
adapter base, which is well below the limits for the glass laminate.

The lateral loads imposed were carried by the E5L adapter
and taken out at each end. This condition required investigation, and a

procedure was established for performing the load teets, described in detail
as follows:

An E54 adapter half was placed in a supporting fixture which
duplicated the method of support in the nose casing (fig. 4). The adapter
was partially assembled with 6 banks of ES54R6 bombs, having 29 bombs per
bank. A reinforced steel plate was placed on each bank as a support for the
hydraulic ram and also as a means for distributing the hydraulic load
uniformly over the top layers of bombs.

The applied load per bank was determined as follows:

Welght of unit munition, 1b. 9.3
Number of munitione per bank (actual) 51
Number of munitions per bank (test) 29
CONFIDENTIAL
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Welght of E54 sdapter, 1b. 240
Weight of adapter per bank (actual), 1b. Lo
Weight of adapter per bank (test), 1lb. 20
Weight of munitions per bank (actual), 1b. b7k, 3
Welght of munitions per bank (test), 1b. 269.7
Weight of cluster per bank (actusl), 1b. 514.3
Welght of cluster per bank (test), 1b. 289.7
Acceleration load, g L
Safety factor' 1.15
Duration, sec. 15

wt. of cluster per bank (actual) x acceleration load x
safety factor - wt. of cluster per bank (test)

Applied load per ram

514.3 x 4 x 1.15 - 289.7
2365.78 - 289.7

2076.08 1b. per ram

Note: Welght of the cluster adapter was assumed to be uniformly distributed
over 1ts length. Welght of pressure plates and rems was neglected.

An actusal load.of .2079.1b. . wes simultaneously applied on each
bank for a minimum of 15 sec. Accurate measurements of deflectlons were not
made, but it was evident firom the use of a steel straight edge along the sides
and the bottom before and after the load application that the deflection was
negligible. Moreover, there was no indication of fatigue or cracking.

The effect of the slde loads was investigated in a similar
manner, except that in this test a complete ES54 adapter was used and rotated
90° in the test fixture. As shown in fig. 5, the hydraulic load was
transmitted through the adapter by means of two solid steel rods bearing on
a reinforced steel plate which rested on the partial bank of bombs. The
hydraulic ram was placed on a steel bridge which spanned the two steel rods.
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The applied load was determined in the same manner, as

follows:

Welght of unit munition, 1b. 9.3
Number of munitions per bank (actusal) 51
Number of munitions per bank (test) 32
Weight of E54 adapter, 1b. 240
Welght of adapter per bank (actuel), 1b. Lo
Weight of adapter per bank (test), 20

Weight of munitions per bank (actual), 1b. bl .3

Weight of munitions per bank (test), lb. 297.6
Weight of cluster per bank (actual), 1b. 514.3
Weight of cluster per bank (test), 1b. 317.6
Acceleration loed, g L
Safety factor 1.15
Duration, pec. 15

Applied load per ram = wt. of cluster per hank:(agtual).x accélatidnclosd x .

safety factor - wt. of cluster per bank (test)

514.3 x 4 x 1.15 - 317.€

2365.78 - 317.6

]

2048.18 1b. per ram

The results of applying a load of 2053 1lb. for 15 sec. agein
showed no visible effect on the adapter.

It shouldll be noted that these tests were conducted early in
the program; since that time, two factors have changed which, although
there was no real effect on the over=-all results, could conceivably be
eritical. In one instance, the weight of the product-type ES54R6 bomb was
reduced to 8.3 1b.; and in the other, the E54 adapter weight was stabilized
at 300 1lb., an increase of 60 1lb. The net chenge was a 246-1b. over-all
decrease, which results in an increase in the safety meRrgin by a factor of
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1.085. Any significant change in the other direction might have resulted in
a marginal condition and illustrates the difficulty of designing to close:
1imits when so msny other components and factors are subject to change.

The weight limitations imposed by the military characteristics
were established early in the missile program when the prime concern was
the development of the basi~ missile, and llttle attention was paid to the
warheads which would eventually be carried. The transition from the YB-61
to the B-61A caused a number of changes in the physical data, which affected
the total warhead welght and location of the center-of-gravity. While these
changes were significant, the effect on the design of the E6 warhead was
negligible in the early phases of the B-61A program; but as time went on, 1t
was found that alignment of the booster rocket was very critical, and 1t was
necessary to tighten the limits on the weight and center-of-gravity of each
component. A nomograph (fig. 6) was prepared by the Glenn L. Martin Co.,
establishing requirements for the warhead welght and center-of-gravity to
meintain & constant missile center-of-gravity. On the basis of this
nomograph, the E125 cluster was reevaluated and modified to conform to the
new limits.

One other factor in establishing the warhead center-of-gravity
was the location of the trunnion fittings. For loading and handling purposes,
the center-of-gravity should preferably be located aft ¢f the trunnion.fittings

! ‘ so thet the base of the warhead would tend to rotate downward. This location
o ' is in keeping with the design of the warhead-handling equipment, which
] _ utilizes & four-point attachment, i.e., the two trunnions and two pickup
| points, at slation 118.375.

- The calculations for the welght and center-of-gravity of the
; 1,125 cluster are presented as follows:
|
|
|
|

Symbols:
W - welght
X - distonce from nose to c.g..of component

Subscripts:

a - adapter

aa - cluster
af - afterbody »f misslle
b - unit bombs

¢ - nose casing

1l - liners
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m - complete missile
8.» gpacers
w =~ complete warhead

Missile Design Values:

Wg = 300 ¥ 10 1b. Xy = 40.5 + 37 = 77.5 1in.
ngf = 10,249 1b, Xgp = 286.8 in.

We = 220 1b. X, = 86.5 in.

W, = 8.3 1b. Xy = 235.8 S:f in.

The unit bomb, E54R6,is 12 in. long and 3-5/8 in. in diameter; the center-of-
gravity is located 5.344 in. from the nose. Its weight, as noted, is 8.3 1b.

Equations:

il

Waa = Wa + Wp + W + Ws

"Ww = WQ + Waa

gﬂ
u

Waf + Ww

_ feXa + WoXy + WsXs

X
a8 Waa
_ WeXe + WaaXea
XW - Weyr
x. = Yaffaf + Wy
m Wm

Bomb Loading:
51 bombe/bank x 6 banks x 8.3 1b./bomb = 2,539.8 1b.

51 bombs/bank x &.3 1b./bomb = 423,3 1b./benk

The trunnions are located at station 76.59%, which, for handling
safety, 1s the extreme forward limit of the warhead center-of-gravity. Fronm
the nomogreph. (fig. 6), the warhead weight range at station 76.6 is between
3,255 1b. and 3,315 1b., with the desirable weight set at 3,280 1b.
(corresponding to a missile center-of-gravity of 235.8 in.).
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Wag = Wy + Wy + Wy
300 + 2,540 + 25

2,865

n

Waa
We + Wgg = 220 + 2,865 = 3,085

desired wt. - actual wt.

)}

Ballast required

3}280 = 3:085

]

i}

195 1b.

A steel plate 1 in. thick, 29 in. in diameter, with two
parallel circular segments 27 in. apart cut away, will provide 185 1lb. of
ballast. The additional 10 1lb. of welight will be taken up by the fuze, which
has not been included in the weight calculations.

Placing the warhead center-of -gravity at gtation 770 will
require a cluster center-of-gravity, as follows:

WXy = WeXe + WaaXag
W - W
Xga = wxwwéa cXe
. (3,2700(77.0) - (220)(86.5) _ 232,800
3,050 3,050
X = 76.4 in. (35.9 in. when measured from forward face of adapter).

By examination and trial it was determined that the steel
spacer, if placed between the second and third bomb banks, would locate the
warhead center-of-gravity properly, as evidenced by the following caelculations:

Xaa' = WE,Xa + WbXb + Wle + WSX or

= (300)(37)4(84646) (11:844)(169"32) (48. 841 )4(8.32) (12.5)+{16.68) {49.5)$(185) (25)
3,050 '

Xgp = 422200 + 10,050 + 82,700 + 10k + 826 + L4 625 _ 109,405
88 3,050 ® =3,050
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= 35.9 in. (76.4 in. in terms of missile station)

33
o
1

As further proof of this value:

Xm__:W X +WWXW

Wm
or = (10,2149)(286.8) + (3,270)(77.0) = 2,940,000 + 252,000 _ 3,192,000
13,519 13,519 13,519
Xy = 235.9 in.
Summarizing:
Wt. of cluster (Wge) = 3,050 1lb.
Wt. of warhead (W,) = 3,270 1lb.
Wt. of missile (W,) = 13,519 lb.
C.g. of cluster (Xaq) = sta. 76.h4
C.g. of warhead (X, = sta. 77.0
C.g. of missile (Xp = sta. 235.9

e. Fuze, Mechanical Time, TLUOL.

With the transition from YSSM-A-l warhead to the SSM-A-l or
B~61lA, the fuze concept underwent radical changes. A new set of military
characteristics was prepared at these Laboratories and submitted to Plecatinny
Arsenal through Office, Chief of Ordnance, with a request for the designm,
development, and fabrication of 100 units to be used by these Laboratoriles
in conJunction with the test program. These characteristics, modified by
Picatinny Arsenal, are as follcws (k4):

(1) The fuze shall provide two elements governed by a
mechanical timing mechanism. One element shall be for the operation of an
electrical switch within the fuze (28~v. d.c., 14 amp.) with terminals
placed in an accessible location on the outside of the fuze housing. The
second element shall be for the initiation of primacord by the use of an
M36 electric detonator.

(2) The timing mechanism shall be capable of being set
within the range of 5 to 90 sec., in increments of 1/2 sec. for the operation

of the switch. The initiation of the primacord shall be delayed 4 * 1/2 sec.
after the set time. If feasible, this delsy should be accomplished by
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electromechanical means; otherwise, the delay will be accomplished by means
of a powder delay element. This powder-train delasy element will be provided
with an electric primer for initiation, which will be activated by the
missile power supply at the same instant the electric switch 1s closed.

(3) The timing accuracy shall be + 1 sec. throughout a
temperature range of -65°F. to + 125°F. (Note: The desired timing accuracy
18 ¢ 1/2 sec. for this temperature range.)

(4) The fuze shall be able to withstend an initial
acceleration force of 12 g and functlion satisfactorily when undergoing ean
acceleration of 7 g from any direction. The aforementioned g requlrements
include a safety factor of 1.75.

(5) The fuze shall not be capsble of functioning until
armed. Fuze to be electrically armed by means of & solenoid and pin
arrangement. The energlzing of solenold to be accomplished by missile
elrcultry.

(6) The fuze shall show evidence of being armed or
unarmed by visual external inspection.

(7) The electric detonator shall be physically separated
from communication with the primacord when the fuze 1s in the unermed condition,
8o that if the detonator were to function from any cause, the primscord wouid
not be initiated. The fuze shall be so designed that the detonator cannot
be assembled in the armed position.

(8) The fuze must remain safe during flight until
arming occurs at the prescribed time.

(9) The fuze shall be of & design suiteble for mass
production.

(10) The metal parts shall be protected against corrosion,
as determined by the salt-spray test.

(11) The fuze shall be of minimum size and weight
consistent with requirements.

(12) The fuze shall be designed for fabrication from
materials which are readily procursble in time of war.

(13) The fuze shall be capsble of assembly in the misslile
after installation of the warhead. Fuze to be mounted by the use of brackets,
8o designed as to permit setting of the timing mechanism after the fuze is
mounted. Mounting dimensions will be coordinated with the missile designer
through Plcatinny Arsenal.
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(14) The fuze shall be capable of withstanding the
followling development tests:

() Temperature snd humidity test as described in
Specification MIL-Std-304. Consists of cycling fuzes between the extremes of
+160°F.(95% r.h.) and -80°F. at beginning, rising to ~65°F. during test.
Criterion for passing is that fuze must be safe and operesble following tests.

(b) Jolt test as described in Specification MIL-Std-
300, Test consists of jolting each sample fuze 1.750 times in each of three
positions in the jolt-testing machine, as shown on Ordnance Corps drawing
81-3-30. Criteria for passing are that no element shall explode or become
unsafe due to parts breaking, becoming deformed, or some similar occurrence.

(¢) Transportation vibration test as described in
Speciflcation MIL-St4-303. Test consists of vibrating sample fuzes according
to a specifled schedule of frequencies, amplitudes, and duretions. Criterla
for passing are that the fuze must be safe and operable followlng the test.
Fuze to be set prior to test. Tuze must function at that setting after test.

(15) The fuze must be of such a design that it can
readily be packed in hermetically sealed containers. When packed (in
hermetically sealed containers, which are in turn packed in a wood box) the
fuze will withstand in any sequence the following tests:

(a) Four L-ft. drops on a concrete surface, each
drop on a different dlagonal of the packing case.

(b) The fuze will withstand 96 drops in a standard
14-ft. revolving drum such as is used at Picatinny Arsensal.

(¢) Vibration in any direction at a frequency of
550 cycles/min. at en amplitude of 1/4 in., total excursion for 4 hr.

() L4o-ft. drop test simulating 500-1b. munition
dropping onto reinforced-concrete slab.

(e) Standard AMC dust test.
(f) Rain test and freezing test.
The above program was originally proposed as an extension of

the T1401 fuze development; but the program called for a fuze which was
virtually a new item, later designated the TLLO4.*

*Plcatinny Arsenal had originslly proposed the designation T1401El, but it
soon became evident that the proposed item bore no resemblance to the
TL401. Consequently, the new designation was adopted.
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In November 1952, Office, Chief of Ordnance reassigned the
project to Dlamond Ordnance Fuze Laboratories bucsuse of the heavy work load
being carried by Picatinny Arsenal.

Diamond Ordnance Fuze Leboratories prepared a preliminary
design of a fuze and febricated one model. This design and model formed the
basis for a production model which was deslgned by Raymond Englneering
Leboratories. Raymond simplified the loglstic and tactical employment of the
T14Ok fuze by combining two complete units in one package with individual
time-setting and arming indicators (figs. 7 and 8). 1In all respects the
production version of the TiL4O4 complies with the militery characteristics
in so far as the test program has progressed.

Representatives of Diamond Ordnance Fuze Laboratories
participated in three tests of fin-stabilized warheads on a "ride-along"
basis to determine the functlonling characteristics of the fuze. The fuzes
vere mounted with scratch recorders, which provided a permanent record of
the functioning of each circuit and the total time for each event. The time
of initiation of each event was slso messured on ithe recording disk. In
the first test the recorder showed normel functioning of each phase with the
explosive-bolt detonator switches closing at 29 and 30 sec., the manual
setting being 30 sec. The primacord detonator circuits were energlzed
4 sec. later. The only explenation for the timing error of 1 sec. for the
detonator switeh was a slight maladjustment of the T3 clock, the mechanical
timing device.

No results were achieved on the second test due to a melfunction
of the primery system, causing the fin-stabilized warhead to land intact. The
recorder was damaged beyond any possibility of reading the disk. On the third
test the recorder was recovered intect. .The explosive-bolt detonator switches
closed at 29-1/2 and 30 sec. Agein the menual setting was 30 sec. One
primacord detonator circult operated in 34 sec., whereas there was no :
indication of functioning in the second circuit, the apparent cause of “the
fellure being a defective'contact in the rotor circuit.

Diamond COrdnance Fuze Lasboretories has successfuily conducted
a number of tests on the out-of-line safety feature, in which the detonator
is fired with the rotnr in the out-of-line posiilon. The rotor in this -
vosition is 120°, or linearly 0.750 in.,-out of line and is shlelded from the
primacord relay by the barrier plate of 0.379-in. aluminum. The barrier
plate 18 also the baseplate of the fuze.

Shock and vibration tests have also been conducted with
excellent results. No component fallures occurred as a result of these tests.

Further development and testing of the T140L was curteiled as

a result of the Air Force directive canceling all future work on the chemical
warheads for the MATADOR.
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f. Interim Fuze.

Development of the T14OL fuze was unavoidably delayed at
Picetinny Arsenal because of unsuccessful contract negotiations, so that
the program lagged behind the other phases by approximately 1 yr. As the
neéd for an interim fuzing system for the dynamlc test program was evident,
8 program was established to develop & safe and rellable system which could
be used until the T14OL becsme evailable.

The interim system which resulted consisted of two primary
components: an electromechanicsl timer, fig. 9, and a delay detonstor, fig.
10, Pig. 11 shows an exploded view of the electromechanicel timer with the
mechanical timer shown on the right; the switch housing, center; and the
AN.3210-1 microswltch, left. The timer is built around the standard T3 clock,
which releases a spring-loaded striker pin at the end of the preset time. The
pin strikes the actuator button on the microswiteh, thus energlzing the
clrcult and firing the explosive-bolt blasting caps.

The delay detonator, shown in an explcded view in fig. 12,
conalsts of the main barrel which holds the pyrotechnic delay, the booster,
the out-of-line detonator, and the primecord holder. The spring-loaded pin
shown at the top keeps the detonator out of line untlil the nose separates
from the afterbody. The pin, which has been depressed by the missile after-
body, allows the detonator rotor to swing into line. The deley detonator 1ls
energized at the instant the timer switch closes and fires after a U~sec. delay.
The electric squid shown In fig. 12 was replaced later by an electric match,
which performs more effectively through the lower temperature range.

A series of tests was conducted on the electromechanicel timer
and the delay detonator under normal surface conditions in the open. Ten
gomplete systems were tested using a 27-v. battery as the power unit. The
timers were each set for a specific time increment and armed manually. Timing
was eccomplished by stopwatch and appeared to be accurate within human 1limi-
tations of starting and stopping the watch. (Timing of the units was secondary
on these tests.) All of the deley detonators fired successfully.

High-altitude, low-temperature tests were conducted on the
interim fuze compomyents to establish their reliebility under temperature-
pressure conditions which could he expected in the flight test program.

The tests were performed at temperaturesof -10° and -65°F. in
a vecuum of 23 in. Hg using a 27-v. battery as the power source (see fig. 13).
The arming pin on the timer was released by means of a solenoid, which
initlated the timing sequence. The timer was set for 32.75 sec., at which
time the microswitkh closed the electric-squib circuit in the delay detonator.
An electric time clock was connected into the circult and arranged so as to
start when the arming pin was pulled and to stop when the microswitch closed
the electric-squib.dircuit. Another electric time clock wes used to measure

CONFIDENTIAL
36




UNCLASSIFIED

UNCLASSIFIED
37

FIGURE 9
JINTERIM TIMER ASSEMBLY




UNCLASSIFIED

LTENESSY YOIVNOIAQ Xy IEd

OT &HNPIA

UNCLASSIFIED




UNCLASSIFIED

XTENISSV YHWIL WINEINT 40 META HAOIIXHE

TT =NODIL

UNCLASSIFIED

39




UNCLASSIFIED

LXHWISSY YOLYNOLIT AVTAC JO MiiA TETOIIXH

2T JNOIL

BN oS

LTI

UNCLASSIFIED

Lo




UNCLASSIFIED

" d,60~ ANV Of-

€LV ONINOTLONNJ HdIdY SHOLVNOLTI XV'IAd SHL J0 MATA v
€T Tandid

UNCLASSIFIED
b



4

CONFIDENTIAL

the total period of time from the start of the electromechanical timer to the
time the delay detonator functioned. The differential between the two elocks
would then be a measure of the delay perilod in the delay detonator. The test.
arrangement mounted in the vacuum chamber is shown in fig. 1h.

: The first test was conducted at -40°F. with the timer set at
32.75 sec. Clock 1 stopped at 32.75 sec., but clock 2 continued well heyond
the predicted firing time before power was cut off. Investigation showed
that the first-fire mix in the delay detonator was not intense enough: to
ignite the tetryl cap or primacord. Om the second trial at -LO°F. the
intensity of the first-fire m.x was increased. The timer was set at 32.5 sec.,
which was the reading obtained on clock 1. Clock 2 stopped at 38.1 sec. for
& successful Lrial. The time differential of 5.6 sec. vs. 4.5 predicted is
reasonable for experimentally loaded unlts.

At -65°F. the timer was inadvertently set at 5.5 sec., which
was the time recorded on clock 1. Agein the first fire wes not inteuse
enough to lgnite the tetryl cap. The test was rerun with a more intense
mix, with clock 1 stopping at 32.5 sec., the preset time, and clock 2 stopping
at 38.1 sec. uime dld not permit any further testing to esteblish the degree
of relisbility, and it was decided that a calculated risk must be accepted
in order to prevent any further delay in flight .esting.

2, Support Equipment.

a. Shipping Contalner,

The matter of storing and shlipping the EL25 cluster could be
handled in one of two ways. One method would be to design the cluster
adapter in such a manner that it would serve as its bwn shipping contaeiner.
This would entail chiefly hermetically sealing of the cluster adapter and
providing shipping gusrids for protection and ease of hendling. Altkough
feasible, this approach would require such additional strength in the
adapter as to mske the weight prohibitive. Beslde the welght consideration,
the loss in payload, estimated to be approximately 70 E54R6 bombs, would
also be serious enough to reduce the warhead effectiveness considersbly.
Based on the experience geined in the design of smeller-size clusters (750
and 1,000 1b.) incorporating hermetic sealing, development of a positive
seal for a 3,000-1b. mnit is felt to be virtually impossible, considering
the rough handling to which the cluster will be subjected and aleo the
in~-flight vibrations transmitted to the cluster by the missile. -

The practlical approach is to provide a shipping conteiner
which has incorporated in 1ts design the characteristices necessery to
insure sare storage and delivery of the munition. A brief survey of the
work done in the fileld of packing end packaging reveasled that the use of
reusable containers has enjoyed a considerable expansion In recent years.
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All menner of delicate instruments and coriponents have been successfully
stored and shipped by all means of trens ,ortation in containers utilizing
shock-isolation sysitems. The B-6lA itrelf has a serles of seven shipping
containers for the seven major componints, which provide hermetic sealing,
desiccants, and shock lsolatlon, altiaough these packaging requirements were
later reduced on all components exrept on the powerplant and the electronic
shelf.

A study of the .equirements for a 3,000-1lb. cluster container
indicated that the problem arsumed major aspects and could best be accorplished
by having the work perforwei under contract with a qualified private concern.
Accordingly, contract DA~ 3~108-CMI.~5109 was awarded to the Universasl Moulded
Products Corporation fou the design and development of ten reussble shipping
conteiners. The follov.ng characteristics were established by these
Leboratories to guide the development (5).

(1) The shipping container shall be capsble of handling
by conventional maeterisls-handling equipment, such as forklift trucks, cranes,
hand or power hoists, etc.

(2) The shipping container shall be stored so that the
container will always be oriented in a horizontal attitude and a minimum of
space utilized in quantity storage.

(3) The material of construction for the container shall
be of fiberglass-reinforced polyester plastic.

(4) The container shall be designed for top loading with
a perting line in & horizontal plane through the longitudinal centerline.

(5) The parting line shall be sealed with a gasket or
gaskets, manufactured from neoprene or a material of equal chemical resistance.

(6) The shipping container shall be capsble of stacking
and shall be designed to support a loading equivalent to & minimum of three
filly loaded, identical containers.

(7) The hardwere required for securing the two halves
of the shipping container need not be flush with the external surface, but
should be protected from damage in handling and shipping. The hardware shall
be designed so that the container can be opened or closed without the use of
special tools. The container hardware shall be capable of a minimum of 10
opening and closing cycles without appreciable wesr or malfunction. The
deslgn shall be such that replscement or meintenance and/or operation of the
unit will be held to a minimum. The design shall incorporate features
facllitating appliceble maintenance, service, and operation et extremely low
temperatures by personnel wearing heavy gloves or mittens.
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(8) The plastic adapter shall e mounted within the
container in a suitable shock-resisting or cushione d cradle, and capable of
withstanding the performence tests specified below . Designs shall be
furnished for a rubber shock-mounting system, & st iingsmountipeg system, &nd
8 rubberlzed hair-felt, fibarglass cushioning, 01 similer materials.

(9) Performence test of shiy ping container saall be
as follows:

(a) Vibration Test. 'iach container with a loaded
adepter in place shall be capable of passing & 2-hr. vibration test similar
to the ASTM-4BT test. The test imposes e forer: of approximately 1 g on the
specimen. BStack one loaded shipping container on another, and repeat the
vibration test as above.

(b) Drop Test. One end of the loaded shipping
container, when in its normal position on a concrete slab, shall be elevated
to a clear height of 4 ft. and dropped. This procedure shall be repeated
for the opposite end. BEach end of the loaded shipping container shall be
tested as per above for a minimum of six drops. No reterding gear shall be
used in the drops.

(¢) Compression Test. Bach loaded shipping
container shall be compression-tested with & minimum weight equi.alent to
three times the welght of the shipping container with the adapter in place.
Remove the londing, and repeat six times.

(d) Static-Pressure Test. Static-pressure-test
each container with an internel air pressure of 5 p.s.l. The container shall
hold this pressure without loss for a minimum period of 24 hr.

(e) =65°F. and 160°F. Tempersture Test. A loaded
shipping container, pressurized at 5 p.s.1. shall he placed In each of the
surveillance chambers listed above for & period of 9 wk. The containers
shall be visually examined for any meterial cr structural fallures. A
pressure reading shall be teken at periodic intervals.

(10) A oheck valve Bhall be provided suoh ‘thet a.sample
of the internal atmosphere in the shipping contalner may be drawn through
a glass tube which 1s 1-5/8 in. long by 5/32 in. in diameter.

(11) A compartment for desiccant, complying with
§pecification MIL-D-346k4, shall be provided with a ready-access airtight
door or opening for replacement of desiccant. The quantity of desiccant
required shall be calculated by the formula given in Specificatdon MIL=-P-116.
An electrcnlc sensing device or humldity indicator shall be included in
the design of the container, located at as great a distance as possible
from the desdécant. The humldity-sensing element should be cepable of
replacement without opening the container.
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Design of the shock-lsolation system was created by Container
Laboratorlies, Inc., under subcontract to Unlversal Moulded Products. This
pystem, as can be seen In fig. 15, consists of a steel cradle to contailn the
cluster and a series of shock mounts to damp out the loads applied to the
container itself. Four shock mcunts located on the sides In pairs take out
the longltudinal loads; four loecated in palrs ob each end take out the
lateral loads; and eight mounts, four at eack end, are designed to relleve
the vertical loads. In addition, the cradle is mounted on four sklds which
protrude through the container shell. Each skid is equipped with a palr of
shock mounts through which all verticel loads are damped.

The container shell ltself is lndependent of the shock~
isolation system and serves chiefly as the ailrtight housing for the rluster.
It 1s only strong enough to withstand stacking loads, impact loads, .ad
fatigue loads induced dy vibration.

The cluster is lowered into the cradle by means of the
cluster-handling clemp and sling, as shown in fig. 16. The cluster securegd
in place in the cradle can be seen in figs. 17 and 18.

b. Handling Equipment.

In the course of developing the various components of the
chemical warhead system;, the naed for special bandling equipment became
evident. Every effort was made to utilize standard tools and equipment to
the maximum extent. However, some functions did not lend themselves to the
uwge of any stendard Ordnance equipment. Three pleces of equipment were
designed, developed, and proved in field operations: (1) warhead handling
sling, (2) wartead loading stand, and (3) cluster handling clamp.

The first of these, the warhead handling sling, was designed
by the Glenn L. Martin Co. simultenecusly with the design of the nose
cesing. It 1s used in handling both unfilled and, eventuslly, the loaded
fin-stabilized werhead. vasing, a8 well a&s both theé .unfilled ard
loaded nose casings. Use of this sling is illustrated in appendix A.

The warhead loading stand used in assembling the nose 1B a
tubular steel structyre mounted on four legs. The E125 cluster is lowered
cnto the stand in a vertical position, with the aft end down. The nose
casing is then lowered over the cluster and secuved to the X-frame by
four bolts at the base of the cluster.

A cluster handling clamp was developed whilch simplified
the handling of the E125 cluster during the various storage, shipping,
and assembly operations. This clamp is a two-plece arrangement, hinged at
one end of the two segments and having a latch to bring the other two ends
together. The clamp 1s fitted with two trunnions opposed to each other,
to which a hoisting sling can be attached. The cluster adapter is fithed
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with two studs located approximately 6 in. forward of the cluster center-of-
gravity and diametrically opposed. These two studs serve as stops and also
locate the clamp in such a way that the center-of-gravity ¢f the cluster is
slightly aft of the center of the trunnions. Thls allows the cluster to be
raised and rotated easily with only & small degree of unb&lance, but with
the cluster base always tending to swing downward as desired. At the time
the project was terminated, a tentative change had been planned which would
provide a more positive methrd of handling by supporting the cluster base in
addition to the trunnion supports. This redesign was never accomplished.

It was declded that the handling clamp should be furnished with
each shipping conteiner, since the clamp is required at both the assembly plant
and the warhead loadling site. The clamp would be used at the assembly plant
tp transfer the cluster tolthe shipping container and would remein in place
during transit. At the loading site 1t would only be necessary to attach the
hoisting sling to the clamp. When the loading operation is completed, the
clamp would be stowed in the shipping container for trxansshipment back to the
assembly plant.

3. Test Equipment.

8. Fin-Stabllized Warhead.

In order that a comprehensive program of dynamic testing could
be executed, scme method of simulating the missile terminal dive was required.
Since the fin-stabillzed warhead test vehicle was used successfully on the
earlier YSSM-A-l program, it was decided that a similar test vehicle should
be used in the SSM-A-1 program. The Glenn L. Martin Company mede a study
based on a rocket-boosted vehicle which would exactly reproduce the B-61lA
terminal-dive ballistic path in terms of veloclty and attitude. A concurrent
study was conducted on & free-fall vehicle and compared with the boosted
version. Calculations for the rocket-boosted vehicle were based on the use
of the aerojet T-27 solid-propellant rocket delivering 6,000 1b. of thrust
for 7 sec. TIts total weight is 498 1b.; its diameter, 12.9 in.; and its
length, 64.25 in. The flight program called for a free fall from release
to 20,000 ft., at which time the booster was fired. Results of the study
indicated that SSM-A-l dives could be duplicated in the altitude range of
44,000 £t. down to 32,000 ft. under proper combinatiocne of release altitude,
release velocitles, and booster firing altitudes. However, the concurrent
study on the free-fall test vehicle showed that dive angles and velocities
could be achieved by the time the test vehlcle had reached the range of
warhead opening altitudes, i.e., from 15,000 ft. down.

On the basis of the preceding study 1t was decided that the
complexity of the rocket-boosted test vehicle was much too great in terms
of the slight gain in performance. A contract (DA-18-108-CML-3462) was
awarded to the Glenn L. Martin Co. for the fabrication of six fin-stabllized
warhead freeafall test vehicles, whose performance was guaranteed to
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duplicate within 3% the performance of the SSM-A-l. All design and
development work required for this project wes authorized under an exlsting
Alr Force research snd iJevelopment conbract. This was done to expedite
delivery of the final 1tems and to take advantage of the time required for
negotiation of the Chemical Corps contract.

The noge sechion of the test vehlcle is identical with the
production design and is attached to the boattail afterbody by the four
explosive bolts. The assembled vehicle (fig. 19) 1s 347 in. long, having a
meximum body diameter of 54 in. and a fin dlameter of 64.125 in. The design
is of conventional aircraft construction usi.g sluminum alloy throughout with
the exception of the explosive-bolt splice fittings and the drag pin hole.
Design and manufacture of the test vehicle preceded the design and development
of the T14OL4 fuze which resulted in the forced omission of any provisions
for fuze mounting and electrical installation. Wiring was provided from the
power receptacle on the center sectlon bulkhead to the four explosive-bolt
receptacles. Interlm provisions for all other electrical installations were
the responsibility of these Laboratcries.

The confilguration of the test vehicle was coordinated with
Consolidated~-Vultee Aircraft Corp. to insure proper installation and fit in
the bomb bays of the B~36F aircraft. The limiting dimensions of the test
vehicle by coincidence were very nearly identical with those of the 43,000-1b.
GP bomb, for which recks were designed and available, making the installation
in the bomb bay a relatively simple matter.

Upon delilvery to these Laboratories a modificatlon program waee
effected in which two battery racks were added to the aft side of each center
section bulkhead. Necessary electrical installaetions were made, and mounting
provisions were made for the interim fuze system.

The power source selected for the system was & pair of 27-v.
d-c. dry cells manufactured by the Bright Star Battery Co. All components,
with the exceptlon of the explosive bolts, were mounted in a duasl arrange-
ment with a serilesrperallel circuit to increase the probability of
functioning.

b. Floating Bomb Marker.

Dynamic testing in the final engineering phase 1s conducted
primarily on the fin-stabilized warheads. However, these Laboratories felt
that recommendstions for standardization could not be made without one or
more successful flights on the B-61A missile. Although missiles were
avallable to support this program, the problem was one of getting data from
the test on & water target. To overcoms thils obstacle a program was initlated
to develop & modified E54R6 bomb which would leave a visusl reference polnt
on the surface of the water.
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Two methods of marking the surface of the water were considered:
(1) by fluoresceln dye marker and (2) by an infTlatable marker. Past experience
with dye markers proved thelr feasibility but the dye was not =asily réprodugible
by photography. Also, it was doubtful whether the dye mark would be able to
resist the effects of wind and waves on an ocean target. The third drawback
was the overlapping of marks when the bombs impacted close together. On the
strength of thds past knowledge 1t was decided that the inflatable marker
should be investlgated first.

Preliminary work was directed at photographing various silze
markers through an altitude range of 5,000 to 20,000 ft. A plastic marker
6 ft. in diameter set adrift in the Gunpowder River was photographed from
a B-17 equipped with a Falrchild K-17 camera. The B-17 made four passes
over the marker at 5,000, 10,000, 15,000, and 20,000 ft. The marker was not
visible on the fiim at 15,000 and 20,000 ft., just parely visible at 10,000 ft.,
and fairly obvious at 5,000 ft. The enlarged image was clearly defined at
5y000 ft. ‘
Development of the modified munition proceeded from this point,
beginning with packaging of the marker. The space avallable for the marker
was approximately the space avallable for agent plus the space taken up by
the burster. The marker which was finally selected was 4-ft. square of
latex~coated nylon witth an inflatable edge 2 in. in diemeter. Inflating
valves which were identical with those used on infleteble life vests were
attached on each of two opposed corners. This cen be seen in fig. 20, which
shows the marker inflated. The marker was packed in such a manner that the
valve stems and COp cartridge holders were located at the rear of the munition.
This complete assembly was ‘packed arcund a spool vhich fitted snugly inside
the munitlon casing.

The E24R1 fuze was modified by drilling and tapping its base
to receive the marker rod which passes longltudinally through the marker
spool. The detonator was retained in the fuze to provide the energy necessary
to eject the marker.

The bomb casing was cut into two halves, and an inner liner
was spot=-welded on to act as the retainer for the casing halves when the
munition wes assembled.

The modified munition functions as follows: (1) Upon release
of the munition from the cluster, the delay functions and releases the
parachute as in a normel E54R6 munition; (2) upon impact the striker pin
fires the detonator, which, in turn, shears the threads in the tapped hole
and releases the marker package; (3) simultanecusly, the sudden acceleration
of the package punctures the COp cartridges and starts inflating the marker;
(4) all extraneous parts fall away and sink, leeving the marker fully
inflated on the surface. Fig. 21 shows the internal stowage of the compovents.
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E54 FLOATING BOMB MARXER
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Limited tests conducted on the modlfied munition indicated a
practical solutlon, requiring only minor revisions to complete the development. -
The cancellation directive prevented any tfurther effort on this subtask, and
the program was halted before its worth could be fully esteblished.

4. Arming and Monitoring.

The capasbllity of the MATADOR to carry a series of warheads
which, in general, have nothing in common, posed the problem of providing e
single warhead arming and monitoring system which would satisfy the requirements
of all warhcads.

At a meeting of the MATADOR Warhead Coordinating Group on 6-7
February 1952 at the Alr Force Misslle Test Center, this problem was discussed
Jointly for the first time (6). As a result, two basic premises were establish-
ed to guide the development of the system: (1) The warhead should be armed
whenever the missile 1s over enemy territory and unarmed when over friendly
territory; and (2) once armed, the missile cannot return to friendly territory.
Also, the terms "bomb erming signel" and "electrical arming signal' were
accepted and defined as follows:

"a. Bomb arming signal: The signal which removes the
'safe' features of the warhead so that 1t will detonate on receipt
of a 'fire' signal (electrical or otherwise).

"o. Electrical arming signal: The signal which makes &
fuze ready for sction. 1In the child-type warhead, the signal will
activate the separation timing funetion."

The time at which the warhead should be electrically armed was determined to
be at the initiation of the terminal dive of the missile and then only after
& bomb arming signal has been received.

Complicating the problem is the utilization of either the
MSQ-1 guidence system (microwave commend control) or the Shenicle guidance
system (microwave hyperbolic navigation system) or a combination of the two
to bring the missile over the target. A third flight condition exists where
the missile 18 gulded to the Shanicle hyperbolic grid by means of a dead-
reckoning system 1lndependent of the MSQ-l. The applicetion of these systems
results in a total of four flight conditlons and a variation of the erming
method f'or each.
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Summarized, they are (7, 8):

Guldance system Arming method

(a) MSQ-l to target (a) wWarhead armed on receipt of
MSQ-1l bomb arming signal.

(b) MSQ-1 to Shanicle. Changeover (b) Warhead armed on recelpt of
in enemy territory ' MSQ-1 bomb ‘arming signal.

(e) MSQ-1 to Shanicle. Changeover (¢) MSQ-1 arming signsl given prior

in frlendly territory to changeover starts an arming
timer. Upon explration of a
preset delay, after which missile
is assumed to be over enemy
territory, warhead is armed
automatically.

(d) Dead reckoning to Shanicle (d) Warhead is autometically armed
after a preset time delay,
following the attalnment of a
predetermined missile veldocity.

Returnipg to the two basic premises esteblished at the warhead
meeting, 1t can be seen that the facts presented by the first are obvious.
During the inltlal phase of, the flight the missile may cover as much as
44O mi. within friendly territory (guidsnce limite the range of the missile
within enemy territory to approximately 250 mi). Over this range the missile
must be unermed in the event of a malfunction, which would cause the flight
to be terminated prematurely. After crossing into enemy territory, it is
equally desirable to have the miseile armed as soon thereafter as 1s possible
80 that the warhead would inflict ae much damsge as possible in the event the
missile was unable to reach the target. Depending on the method of guldance
employed for a given flight, the accuracy with which the point of crossover
into enemy territory can be ascertained ranges from 500 ft. for "MSQ-1 to
target” to 37 mi. for "dead reckoning to Shanicle."

The flight path of an armed miesile must be limited to insure
that the missile cannot return to friendly territory due to loss of control,
enemy countermeesures, or for any other reason. This insurance is accomplish-
ed by the directional gyro coupled with the heading-grror switch and by the
turn-rate limiter, whose function is to provide an automatic dump signsl in
the event the heading limits or turn-rate limits are exceeded. A schemsatic
disgrem of the arming and monitoring systems is alsc shown in Pig. 22.
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B. Flight Tests.

The wltimatz objectlve of all of the work accomplished up to
this point was the dynamic testing of the warhead. As mentioned previously
the fin-stebllized warhead casing was designed and produced as & vehicle
sultable for testing the complete warhead configuration.

1. Establishment of the Test Progrem.

As originally conceived, the dynamic test program wes dlvided
into two phases, (1) development testing and (2) final engineering testing.
Phase T was to be sccomplished by use of the fin-stebllized warhead test
vehicle; phase II called for eight flighte on B-61A missiles. It became
apparent that phase II would probaebly run into several conflicts in the way
of schedules, test facllities, etc., with the missile program, because of the
higher=-priority specisl warheasd program and also because of the obJectives
of the missile test program as & whole. This problem was discussed at meetings
of the MATADOR Warhead Advisory Group and resulted in a joint decision to
continue with the use of the fin-stebilized warhead casings in phase II.
However, it was also made clear by the representative of the Chemical Corps
that such a program could not lead to standardization of the warhead and its
components without & minimum number cf flights on the B-61A missile. It was
then agreed that three missille flights would be scheduled as acceptance tests
unless the requirements for the missile flight tests were waived, in which
case the Alr Force would authorize standardization on the basis of the
fin-stebilized warhead tests alcne.

As a result of the above decisions Air Materilel Command
contracted with the Glenn L. Martin Company to menufecture and deliver to
the Chemical Corps 24 additional fin-stabilized warhead casings, 8 of which
were to be used for phase II on this praject and the remeinder’ to be "used hn the
other chemical warheed projects for the MATADOR.

A test procedure was prepared (see appendix A) establishing
test conditions and the hendling and loading procedure. A resume of the data
to be obtained is as follows:

l. Aircraft altitude

2. Alrcraft velocity

3. Alrcraft azimuth
4, Release altitude
5. Warhead-separation altitude

6. Cluster-~opening altitude
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T. Time from release to warhead separation
8. Time from warhead separation to cluster opening

9. Alrcraft position data at time of release with reference to

_ "Tarzon" target or N.A.A. tower

10. Missile position data at time of warhead separation with
reference to "Tarzon" target or N.A.A. tower

1l. Warheed position dats at time of cluster opening with reference
to "Tarzon'target or N.A.A. tower

12. Wind and temperature date aloft to release altitude
13. Bomb pattern.

From these collected date 1t was expected that a realistic
evaluation of the warheaed system could be made. Under phase I it was expected
that all mechanical and electromechanical and handling difficulties could be
resolved within the space of the six velicles assigned. Phase II would have
as its prime purpose the evaluation of warhead effectlveness, effect of opening
altitude on pattern, effect of winds aloft on aimability, and effect of de-
layed opening of warhead on pettern.

Arrangements were completed through Wright Air Development
Center for the use of facilities and alrcraft at Walker Air Force Base, New
Mexico, and Hollomen Alr Developrment Center, New Mexico; end also support as
required from Air Ferce Armament Center, Florida, and Wiright Air Development
Center.

Air Force planning end scheduling requlred an interim stockpile
of an undetermined number of EG warheads, and Air Research and Development
Command apgreed to classify the first silx flight tests as Alr Force phase VI
testing as defined by AFR 80-1k dated 11 September 1951. These were the warheads
used in phase I, described below. The production stockpile was to be determined
at the completion of the evaluation of the over=-all program. The phase VI
classification also established the Air Force Armement Center as the agency
having prime responsgibility for the conduct of the tests. The Chemical Corps
was responsible for supplying all equipment and personnel required. The program
was a Joint effort in which all agencies contributed where best fitted and,

Tor the seke pf expedlency, performed functions which were not necessarily
responsibilities of that particular agency.

2., Execution of Phase I.

a. Tests of FSW 87A-2 and FSW 87A-5.

Two E125 clusters were assembled with 306 ES54R6 bombs each
having simulent f£ill, sand-filled bursters, and E24R1 fuzes with live primers.
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Some difficulty was encountered in latching the adapter halves, due to the
slze of the cork liners used and to the roughness of the interior surface of
these adapters, which were among the first units delivered.

At the same time, {wo fln-stabllized warhead casings were
modified to incorporate battery racks, delay detonator holders, timer
brackets, and the necessary electrical work to provide the proper circuitry.
On these two unlts the timers were mounted on the center-section access door
for accessibility.

Plans were made to test these two fin-stabilized warheads,
87A-2 and 87A-5, on 3 June 1953, and the materiel was shipped to Walker Air
Force Base for assembly.

During the assembly of FSW 87A-5 two of the explosive bolts
inadvertently detonated, rupturing the bolts and rendering the casing
temporarily useless. Analysis of the incldent indicated that the detonation
probebly resulted from devliation from the prescribed procedure. At the time
of bolt detonation the batterles had been plugged in, so that insulation
could be applied over the entire battery. This was a fleld modification and
was not included in the assembly procedure, with the result that the
operationsl seguence was disrupted. The timer microswitch was not connected
at the time of the incident, and the bare leads were left dangling inside
the center section. Detonation occurred sbortly after two blasting caps had
been prematurely installed and plugged in. While the exact cause of the
detonation 1s not defiritely known, it is believed that the bare microswitch
leads became grounded to the misslle structure, thus completing the circult.

FSW 87A-2, which bad previocusly been completely assembled
without incident, was undergoing final checks prior to loading in the
alreraft. The center section door was beilng removed in order to set
the timers and install the arming wires, when all four bolts detonated.
Again, the exact cause of premature detonation could not be established,
but indlications are that contact was somehow made across the exposed
mlcroswltch terminals, either by static or by grounding across the framing
at the bottom of the door opening. The techniciasn who removed the door was
shocked and temporarily deefened by the explosion and could not clearly
remanber precisely what had been done at the instant of detonatlon. No
further attempt was made to conduct the tests until the entire system could
be reviewed and modified. The two fin-stebllized warhead casings were not
damaged and required only minor rework to the nose casing bolt fitting.

The complete electrical system was studled by the Glenn L.
Martin Co. and redesigned (see fig. 23) to incorporate certain safety
features to lnsure that radlofrequency and static charges would not cause
detonation. A 15~-ohm, 10-w. resistor was incorporated on the positive
side of each electric blasting cap and delay detonator, and a master
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switch, grounded in the open position, was put in the circuit. In addition,
the timer microswitch was inclosed in an insulated housing, and the complete
assembly was mounted on the frame edjacent to the access door instead of on
the door itself (fig. 24). All wiring was sheathed in plastic conduit and
shielded against moisture (fig. 25). As a final precaution, the interiors
of the missiles were vacuumed to remove manufacturing debris (metal chips and !
shavings).

Attention was next turned to the cold-temperature behavior
of the battery. One Bright Star battery selected at random was stored at
~-40°F. for 24 hr. Readings were taken every 15 min. for 8 hr. and a final
reading at the end of 2k hr., whereupon the battery was removed from cold
storage, and readings were teken every 15 min. Just prior to storage the
battery voltage was 25.6 at 75°F. No change was recorded until the end of
the fifth hour, when the reading showed 25.3 v. At 8 hr. the reading was
24,4 v.; at 24 hr., down to 1.0 v. After removal from cold storage the
voltage was restored to the original reading of 25.6 v. in 1.5 hr. This
test was not conclusive in that the battery was in a "no~loed" state. The
game type battery functioned consistently in high-altitude-low-temperature
tests of the timer and the delay detonator i1n which the temperatures were
lowered to -4O° and -65°F. at a pressure of 23 in. Hg. These tests gave
e better indication of the capacity of the battery.

The Glenn L. Martin Co. meanwhile set up breadboard models
of the system and determined the rate of discharge of the batteries when
the circult was closed. Results of this survey indicated complete discharge
of the batteries in less than 1 sec. Because of doubts as to the ability
of the battery to deliver at its rated capaclty, 1t was decided to investigate
other types which could sustain a load over longer intervals. It was found
that no other dry cells matched the Bright Star in performance; any suitable
wet cell was extremely costly, requiring special handling and charging, vhich
it was felt would be difficult if not impossible to provide in the field.

The final step in refining and lmproving the operation was
the rewriting of the procedure manual, which ultimately resulted in the
form given in appendix A. A copy of the rewritten manual was submitted
to the field test engineers at the Glenn L. Martin Co. for comment and
recommendsations and was approved in its original form.

b. Test of FSW 87A-3.

Upon completion of the Investigation and redesign of the
electrical system, plans were made to contlnue with the test program.
FSW- 87A-3 and FSW 87A-6 modifications were completed and both test vehicles
were shipped to Welker Alr Force Base for tests on 7 October 1953 (9).
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FIGURE 25

VIEW OF WIRING INSTALLATION ON CENTER SECTION BULKHEAD
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Of the two clusters, whlch had remsined in outside storeage at
Walker Alr Force RBase (seejpo62), one was found to contaln enough water to
almost certainly damege most of the bombs in the lower half and was conse- .
quently abandoned. "The second cluster appeared to be dry and unharmed by the
period of external storage and was installed in the nose of FSW 87A-3. The
procedure manual was followed in detall in thils operation, and all safety
and operational checks were satisfactorlily completed.

The conditions of test were as planned origlnally: release
altitude, 35,000 ft. above mean sea level; release velocity, 350 m.p.h. true
alr speed; separation altitude, 10,000 ft. sbove target.

The missipn was carried out as planned, but the warhead
failed to separate from the afterbody, and the mission resulted in an intect
impact. Subsequent excavatlon work et the lmpact site falled to yleld any
clue as to the cguse of failure. Excavatlon and screening were seriously
hampered by the terrain, which prevented the use of sultable earth-moving
equipment. The movies taken from the Mitchell cemeras showed defirite smoke
puffs at the separation altitude, which indicated that one or more explosive
bolts had detonated. PFSW 87A-6 wes carried over to the next test, with
FSW 87A-k.

c. Test of FSW 87A-6 and FSW 8T7A-4.

In the absence of any definite evidence of the cause of
failure, there wes no single component that could be pointed to with any
certainty as the source of malfunction, and no changes could be effected
for the next tests. The Glenn L. Martin Coc. proposed that telemetering
equipment be installed on the next FSW to furnish date on the functioning
of the components. This was to be a field installaetion accomplished by
Martin personnel. Thils proposal wes approved by the Alr Force; and in
December 1953 two additional units, FSW 87A-6 and FSW 87A-4, were assembled
at Walker Air Force Base (10, 1l). Martin personnel msde the telemetering
installation in FSW 87A-6 with pickups at key points to measure voltages at
the explosive bolts and deley detonators end to indicate whether or not the
bolts sheared.

Representatives of Diamond Ordnance Fuze Laboratories were
also on hand to conduct performance tests on the T1404 fuze. One T14O4
fuze with recorders was mounted in each of FSW 87A-4 and FSW 8T7A-6. These
installetions were independent of the main fuzing system and were primarily
intended to subject the fuze to conditions which could normelly be expected
in operational use. Fig. 26 shows the fuze compartment with:tha access
door removed. The electrical receptacles can be seen on elther slde of the
detonator holes. In fig. 27 the TlLOhk fuze is shown mounted in 1its bracket.
The internal arrangement 1s shown in figs. 28 and 28, with the battery pack
mounted on top of the fuze bracket on the left. The disk recorder is the
cylindrical unit next to the battery pack.
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FIGURE 26

EXTERNAL VIEW OF T14OL4 FUZE MOUNTING BRACKET WITH ACCESS DOOR REMOVED

IPIGURE 27

PLACh FULE INSTALLATION I NOSE SECTION
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FIGURE 28

T14Ok FUZE MOUNTING BRACKET WITH DISC RECORDER MOUNTED ON TOP

FIGURE 29

T110) MOUNTING BRACKET SHOWTNG ACTUATING SWIWCH INSTALLATION AT LEFT

UNCLASSIFIED
69




CONFIDENTIAL

During the preflight procedure for the B-30 aircraft, a fire
of undetermined origin in the nose of FSW 8T7A-0 was reported by the crew
chief. It was quickly determined that an electrical fire had started somewhere
in the telemetering installation after aircraft power to the telemetering com-
ponents had been turned on. All switches were turned off, and the mission was
flown minus telemetering.

Both fin-stabilized warheeds were released on 15 December 1953
under the same conditions as for FSW 87A-3. FSW 87A-4 was released first and
appeared to function satisfactorily. FSW 8TA-S was released on the second
run but falled to function, and an intact impact resulted. Recovery of the
parts of the nose of FSW 87A-U4 revealed that the nose breakup was not caused
by the detonation of the primacord. The nose casing had separated mainly
along the horizontael skin splices, with lateral breaks occurring on the upper
half. GSegments of primacord were still in place in the nose, although one of
two delay detonators had fired. A study of the Askanie film indicated normal -
geparation st the proper time but that the warhead immediately had flipped up
and over, wlth breakup complete in spproximately 0.2 sec. From this it was ¢
obvious that the primacord d4id not break up the nose. What caused this premature |
breakup codld not be determined, although several theories which had some merit
were advanced. These Iaboratories felt that the ram pressure exerted against
the internal surfaces of the nose, after it had flipped over, exceeded the design
limits of the nose casing and caused 1t to feil. On the other hand, the Martin
people felt that the design was sound and that the stress enalyses for these
flight sttitudes showed a mergin of safety sufficlent to prevent thie type of
breakup.

The type of fallure noted in the remains of the nose casing
tends to bear out the theory of ram pressure, as can be seen in fig. 30,
where the 2UST splice frame tore away from the rivets in a direction along
the longitudinal axls. In figs. 31 and 32 can be seen the failure in shear
of the rivets along the longitudinal splices, which is the type of failure
that could be expected from a breskup caused by ram pressure. Fig. 33
shows all of the recovered parts reassembled to give a graphic pleture of
the over=-all breakup.

Proof of bolt separatlon was readily obtainable from the tail
assembly (figs. 34 and 35), which showed clean, normal rupturing of all four
bolts. Examination of the timers (fig. 36) showed that both had functioned
nermally and that the microswitches haed been closed.

The TLhO4 fuze was recaverad intact from FSW 87A-4, The
disk recorder showed that one side of the fuze armed in 29 sec. and the
other in 30 sec. The record also showed that each detonator circult operated
4 sec. after arming. The dlscrepancy in the arming time was attributed to
a slight misadjustment of the T3 clock movement. The T14O4 fuze mounted in
FSW 8TA-6 was totally destroyed so that no record could be obtained.
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FIGURE 31

CLOSEUP OF LOWER HALF OF FSW 87A-4 NOSE SECTION

SHOWING UNSEVERED PRIMACORD SPLICE
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FIGURE 32

LOWER HALF OF FSW 87A-4 NOSE SECTION SHOWING UNSEVERED PRIMACORD SPLICE
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FIGURE 33

REASSEMBLED PARTS OF FSW 87A-4 NOSE SECTION
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FIGURE 3k4

FIGURE 35

FSW 87A-4 CENTER SECTION BULKHEAD AFTER IMPACT
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FIGURE 36

CLOSEUP OF FSW 87A-4 TIMER INSTALLATION AFIER IMPACT
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Remeins of FSW 87A-6 could not be immediately recovered, and
further efforts were postponed temporarily. There was reason to belleve that
the failure was caused by at least one defective Jack plug in the explosive-
bolt fittings. During assembly and checkout of the Llwo fin-stabilized war-
heads, 1t was necespary to replace 8ix defective Jjack plugs; of the two
remaining plugs, continulty on one was difficult to obtain on several checks.
Continuity appeared to be establlshed at last, and final checks were com-
pleted prior to the flight test.

The cluster which was released by FSW 8TA-4 opened and
dispersed 223 of the E5URS munitions, leaving 83 behind in the one cluster
adapter half. Of the 216 munitions which were recovered, 198 or 91.7%
functioned normally. As to those which falled to disperse, there is no
way of knowing whether this failure was a result of the premature opening
or was due to an inherent flaw in the system.

The Martin representatives belleved that the fallure to
separate was caused by an area of negstive pressure over the forward face
of the center section bulkheasd. To overcome this, a pltot tube was mounted
on the crown of the nose to introduce ram alr internally and create a
positive pressure on the bulkhead. In addition, seals were applidd at the
splice station and the trunnion fittings to prevent the loss of the pressure,
With this modification 1t was belleved that the separatlion problem would be
solved and, also, that the premature breakup, whilch Martin personnel belleved
was a result of structural damage caused when the nose flipped over, would
not recur.

The problem of partial dispersion of the munitions had been
enticipated from the start, and a relatively simple solution was apparent
from the high-speed movie taken of the static tests of the nose casing.
These movies showed that the nose was cut cleanly and that the two halves
had separated with considerable force. It was felt that this force ebu¥d be
utilized to insure positive separation by simply tying the adapter half to
the nose casing. When the partial results of FSW 87A-4 test were obtained,
1t was declded that this change should be incorporated for the next tests.
This was done by adding four clevises to each adapter half, one clevis in
each corner near the parting line. From these clevises cables were
extended in palrs from the forward end of the adapter half, through a cable
clamp mounted on the trunnion fitting, and thence aft to the clevises on
the aft end of the adapter.

The changes described were scheduled for incorporation og
FSW 87A-2 and FSW 87A-5, which had previously been reworked after the
premature bolt~firing incldent. During this perliod a meeting was held at
Wright Air Development Center on 8 Janusry 1954, in which the Air Force
requested the Glenn L. Martin Co. to submit a cost estimate and a proposed
program for conducting the fin-stebillzed warhead tests. The purpose of
this request was to provide proper support to the Chemical Corps and to
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place responsibility for the performance of the fin-stabilized test vehicle
with the Martin Company in the same way that the Martin Co. had responsibllity
for the performance of the B-61A missile. Essentlally, the Chemical Corps
would furnish all Govermment equipment and clusters for which the Corps would
normally be responsible. 'The Martin Co. would have responsibility for all
other materiel and would also modify, assemble, install, and otherwlse get

the fin-stebllized warhead ready for test up to the polnt of takeoff of the
carrier aircraft. After the test, Chemilcal Corps personnel would be respons-
ible for evaluating the pattern and the individual munition.

d. Test of FSW 87A-2 and FSW 87A-5.

To facilitate the program, the Air Force gave the Martin Co. a
letter of intent enebling the company to begin operations immediately. Martin
personnel proposed that both FSW 87A-2 and FSW 8TA-5 be fully telemetered.

The two nose caplngs were shipped to Holloman Alr Development Center from
Walker Alr Force Base to effect the necessary changes and installations. The
reworked noses were reshipped to Walker Air Force Base and assembled to the
afterbodies. On these the cables which tied the sdapter halves to the nose
casing were also incorporated (12).

During the rework period at Holloman ADC the remains of FSW 87A-6
were excavated (fige. 37 and 38) and sifted carefully for the vital components.
All of the bolt fittings were recnvered, three showing normal functioning and
the fourth intact with the blasting cap still in place. This fitting 1s
shown in fig. 39 as 1t was found. This seemed to be the evidence needed to
prove that the Jack plug connection in the fitting was unrellable. On the
strength of this find, the Jack plugs were taken out and terminal strlps
were instelled 1n their place. This would insure positive connectilons and
would also permit checkouts to be made which removed all doubt as to 1ts
reliability.

In view of the fact that one of two delay detonators
installed on FSW 87A-4 had failled, it was decided to abandon this installa~
tion in favor of commercisl delay electric blasting caps with proved
relisbility. The sum of these changes covered all of the possible sources
of error, and it was felt that chances for & successful test were excellent.

The assembly of FSW 87A-2 and FSW 87A-5 was routine; all
preflight checks were satisfactorlly accomplished. The telemetry was
installed by Martin personnel and again, preflight checks were satisfactory.
T1404 fuzes were also installed in these two missiles in a manner ldentical
with that used on FSW 87A-4 and FSW 87A-6.

FSW 87A-2 was transported to the alrcraft and hoisted into
position in the forward bomb bay. Some difficulty was encountered in
aligning the vehlcle tc bring the drag~pin hole into position with the drag
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FIGURE 37

REMAINS OF FSW 87A-6 AFTER EXCAVATION

FIGURE 38

GENERAL VIEW OF EXCAVATION REQUIRED TO RECOVER INTACT
FSW 87A-6 EXPLOSIVE-BOLT FITTING
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FIGURE

EXPLOSIVE-BOLT FITTING FROM FSW 87A-6 WITH UNSEVERED BOLT IN PLACE
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pin. Before the bomb rack slings could be attached arcund the vehlcle, a
short cable link between the C-10 hoist hook and the trgangilar ring in the
canves holst sling falled, due to fatigue. The vehicle fell approximately

7 ft. to the ramp, causing extensive damage to the skin and all frames in
the nose plus the first two frames in.the center section. 7he two lower fins
also were crushed, and the upper left fin suffered punctures in collision
with the structure in the aft section of the bomb bay. Views of thﬁs damage
are shown in figs. 40 through 45.

The cluster suffered no externsl dsmage end was eventuslly
returned to these Laboratories for disassembly. None of the adapter
components showed any effect from the fall, and the ESHR6 munitions were
still sate and undamaged. .The T1LOL4 fuze was aleo removed in a safe and
serviceable condition.

Loading of FSW 87A-5 was delayed, pending e revision and
acceptance of the lcading procedure. The equipment was reexamined, and
modifications were made which provided positive connections et all polnts in
the hoisting equipment. This modification was acceptable to personnel of the
6th Bomb Wing for a single operation only in order that the mission could be
performed. FSW 87A-5 was then installed in the aircraft with no further
incident.

The missile was launphed from an altitude of 35,499 ft. with
a velocity of %90 f.p.s. on & true heading of 253°. Release was normal, and
warhead separation occurred at 35.90 sec. Opening of the warhead was also
normal, and recovery was effected approximately 1,600 ft. beyond the target
on the same heading. Of 306 unit munitions, 298 were recpvered for a
percentage of 9T7.4%, while performence of the munitions whs exceptionally
good with 280 functioning normally for a factor of 94%. The pattern was
nearly circular, covering a total area of approximately 89,000 sq.yd., &
portion of which can be seen in figs. 46 and 47.

The T140L fuze was recovered with its recorder, both intact
and undamaged. The recorder indicated a 29-1/2-sec. arming,time for one side
of the fuze and 30 sec. for the other. The detonator cireuit on one side was
closed in 34 sec., while on the other side there was no indication of the
operation of the detonator clrcult. The malfunction was traced to & de-
fective contact in the rotor circuit, which was to be corrected on all future
models.,

The telemetering functioned perfectly throughout end provided
the desired information. An evaluation of these data, particularly the
pressure date on both sides of the center section, was prepared by the Glenn
L. Martin Co., but the deata have not yet been forwarded to these Laboratories.
Consequently, no conclusions can be drawn as to the merits oi' incorporating
the pltot tube and the various seals in the nose section.

CONFIDENTIAL
81




UNCLASSIFIED

FIGURE 40

UNDERSIDE OF FSW 87A-2 SHOWING DAMAGE AFTER FALL FROM BOMB BAY
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FIGURE 41

TAIL ASSEMBLY OF FSW 87A-2 SHOWING DAMAGED FINS

FIGURE 42

VIEW OF DAMAGED WARHEAD FROM FSW 87A~2 SHOWING CLUSTER IN PLACE INTACT
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FIGURE 43

NOSE CASING FROM FSW 87A-2 SHOWING EXTENSIVE DAMAGE TO ALL FRAMES
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FIGURE 44

FSW 87A-2 TATL ASSEMBLY SHOWING DAMAGED FINS
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FIGURE 45

DAMAGED CENTER SECTION OF FSW 87A-2
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FIGURE 46

TATIL ASSEMBLY OF FSW 8T7A-5 AFTER IMPACT SHOWING ES54R6 MUNITIONS IN TARGET ARFEA

FIGURE 47

VIEW OF TARGET AREA SHOWING E54R6 MUNITIONS DISPERSED FROM FSw 87A-5
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Results of thils test seemed to bear out the wisdom of the
modificaetions performed, and no particular difficulty was anticlpated for
the remainder of the test program. Normal opening of the nose by the
primscord system is illustrated by figs. 48 and 49.

As mentioned before, for the sake of expediency the modified
loading equipment was approved only for the one operation. An entirely new
system was required for future operations which would comply with the ground
safety rules of Strategic Alr Command. The simplest and quickest method of
developing a new loading procedure was planned around an obsolete bomb-loading
pit located on the ramp at Walker Air Force Bpse. An adapter cradle was
designed and fabricated which would sest and lock on the bed of the hydraulic
1ift and also would physically tie the missile to the cradle. This arrange-
ment satlsfied the personnel of the 6th Bomb Wing, and plans were made to go
ahead with the test program.

e. Tests of FSW 87A-1 and FSW 87A-7.

PSW 87A-1 and FSW 87A-T7 were modifed to incorporate all of the
changes successfully tricd on FSW 87A-5. FSW 87A-T7 was taken from the final
engineering phase of the program to replace FSW 87A-2, which was surveyed as
unusable. Only one additional change was Ilncorporated in this test, and that
was the Inclusion of an additional safety swiltch in the nose which, when open,
grounded the delay electric blasting caps which detonate the primacord. This
addition insured complete safety during the assembly of the nose. After the
attachment of the nose to the center section, the safety wire was removed
and the blasting cep was then grounded by the master switch in the center
section. This circult is illustrated in fig. 23 and represents the ultimate
in safety without any sacrifice of reliability.

FSW 87A-7 and FSW 87A-1 were released under weather conditions
which rendered the Askania cameras useless. The decisipn was made to go
ahead with the test in spite of the weather because of the prospect of an
indefinite delay and also because these two vehicles represented the last
drops to be made, in ¥iew of the fact that the Alr Force directive canceled
any further effort on the program.

FSW 87A-7 was set to function 5,000 ft. above the target, and
separation of the warhead was normal. However, opening of the nose apparently
was accomplished in the same manner as for FSW 87A~4. Separstion of the nose
could be seen from the observation point, and an explosion, such as would be
expected from primacord, wes heard. Nevertheless, the remains showed no indi-
cation of severance by primacord; in fact, large segments of primacord were
found with the nose fragments (figs. 50 and 51).

The tumbling motion of the nose apparently ceused the tie-
down cables to fall before they could separate the adapter halves, with the
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PIOURE 43

PORTION OF RIGHT SIDE OF FSW _87A-5 NOSE CASING SHOWING PROPER CUTTING BY PRIMACORD

FIGURE 49

VIEW OF FSW 87A-5 NOSE CONE SEVERED BY PRIMACORD
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FIGURE 50

FIGURE 51

FSW _87A~T NOSE CONE AND PORTION OF CROWN SHOWING UNDETONATED PRIMACORD
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result that 90 bombs came down lnside of one adapter helf (fig. 52). Of .
those which did leave the adapter, 184 were recovered, and 153 of these
functioned normally. It 1s belleved that the bulk of those still missing were
buried below the point where the adapter half ilmpascted.

PSW 87A-1 wes timed to open at 10,000 ft. above the target,
and separation was ®géin normal. As before, an explosion could be heard from
the primacord detonation. In this instance, the nose pieces indicated that
opening of the warhead was normel (fig. 53), and ejection of the munitions
occurred ag planned. A recovery of 266 munitions was effected, with 246 of
the total functloning normally. An excesslve number of fuze fallures and
fallure of parachutes to unfurl was counted in the total. Reason for these
fallures was not determined.

These last two tests concluded the entire program for develop~
ment of chemical warheads for the MATADOR milsslle, since the Alr Force
directive canceled all future effort for the MATADOR.

Because of the advanced state of development of the shipping
container, the Alr Force agreed to permlt continuation of 1ts development
within the limits of the funds on hand.

Permission wvas also granted by the Alr Force to procure &
quantity of T1404 fuzes to be used in conJunction with the une.pended
fin-stabllized warheads. These warheads have heen slated for use in the
basiz project for investigation of new munitions and methods for dispersing
these munitions.

V. DISCUBSION.

A prolect of such scope es the chemical warhead for the MATADOR
requires conslderable thought and planning at its inception and sufficient
time for its proper execution. This wes not entirely possible in this case,
as by the time that the MATADOR had progressed from the prototype stage
(¥YB-61) to the B~61A production version, the empliasis had been concentrated
on the urgency of delivering & complete weapons system in the shortest
possible time,

The transition from the YB«6l nose casing had only minor effects
on the development of other types of warheads since the original packsages
required few physical changes and could be carried equally well by the B-61A.
This was not the case with the chemical warheads where the redesign of the
nose casing rendered all prior chemical warhead work obsolete. In addition
to beginning enew on hhe actual chemical warheed, a complete new set of
supporting equipment Was required, including a new fuzing system. All of
this imposed a heavy burden at & time when the local supporting facilities
were heavily taxed VecEuse of the netional efiérgenty in Koree. Consequently
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FIGURE 52

FsSW_87A-7 CLUSTER ADAPTER HALF AND MUNITIONS WHICH FAILED TO DISPERSE

PIGURE 53

PORTION OF LEFT SIDE OF FSW 87A-1 NOSE CASING SHOWING PROPER CUTTING BY PRIMACORD
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much of the work was of necessity placed on a contract basis. This again
consumed valuable tlme while faclilities were being Investlgated and bids
were being consldered.

On the whole, the warhead program progressed smoothly and
fairly rapidly, mainly because much of the design work was effectlvely
coordinated with the varlous agencles so that the designs could be frozen
at an early stage. Thls was also true of the TL4O4 fuze developed by
Diamond Ordnance Fuze Laboratory. Although much time was lost before
Diamond Ordnance Fuze Laboratory was called in, progress from that time on
was repld and very satisfactory.

The E54 cluster sdapter, while it is sufficlently strong
could still be modifled to reduce the gross welght with no eritical loss
of strength. The working parts of the latching mechanidm could also be
improved to provide a positlve lock in either the open or closed position
without the necessity for extremely close tolerances on the components.
The liner problem was never completely solved, but the materiasl selected
for use through the test phase appeared to be satilsfactory on & short-term
basls. A more thorough Investigation might have shown undeslrable quallties
under various storage conditlons or possibly imcompatibility with agente and
maierials of construction.

As noted earlier, the T1404 fuze was completely in the
hands of Diamond Ordnance Fuze Leboratoriles, and no attempt will be made
here to evaluate the fuze beyond the results already reported by DOFL,
except to note that the fuze complied with the mil itary cha.racteristics in
so far as the development testing had progressed.

The B-61A nose casing, which was designed for the chemlcal
warheads, was demonstrated to be feasible and could, with minor changes, be
coneidered & satisfactory interim system for carryling and dlspersing the
unit munitions in the warhead. The B-61A, up to this time, is the only
missile in which specific provisions have been made for carrying chemical
warheads and the design work on the nose was accomplished with no other con-
sideration. The design and development of the nose offers a good example
of the quality which can be achieved when the missille contractor and the
warhead agency work together on even terms with a high-degree of coordl-
nation and cooperation and, equally importent, with the complete approval
and cooperation of the USAF Project Office.

The development of the arming and moniboring system further
demonstrated the effect of full participation and coordination of the
various developing agencies having a working interest in the MATADOR. The
system a8 1t now stands 1s capable of fulfilling all requirements for the
several warheads and, in addition, meets all specifications for ground
safety, relisbllity, and in-flight sefety. From & production standpoint
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the system alsc complies with the missile prilosopky of simplificatbion, since
the indlvidual requirements for specific warheads were ilncorporated into one
integrated system, rather than supplied as & group of individual systems, only
one of which would be applicable to any given flight.

Squadron support equipment is still another example of
integration. Wherever a common need was noted, the equipment was designed to
accommodate readlly those components having similar requirements. The
warhead trailer is a case in polnt, where the design of the traller was
originally directed only toward carrying the nuclear werhead, but in
subsequent coordination and redeslign the traller was readily adapted to any
of the six warheads wilth little change from the original version.

The over-all system which eventually evolved could be
considered a good workaeble system, but wide open for improvemgnt. Because
of the time limitation no elaboration of the present system wes possible,
nor was it possible to investigate other principles and methods which
might have resulted in a much more effective warhead. As early as 6 mo.
af'ter the development began, the Alr Force emphasized the urgency of the
program and requested that any feeslble design be frozen. In other words
these Laboratories were not tc strive for mexilmum dispersion of the unit
munitions (13). This immediately limited the effort and resulted in the
present system which Indicates that the toxle coverage attailnable is. on
the order of 50% of the theoretical coverage based on the accepted and
rather severe criteria Iln effect at the time.

The study was valuable in emphasizing the restrictions placed
on any warhead system by an inflexible target end contamination dosage
eriterion. No distinction was made in the misslon of the missiles, e.g.
tactlical or strategic, nor was there any consideration for the proximity
of the target to the main line of resistance. It is now an established
fact that the dosage required to cause either death or incapacitation varies
directly with the physical and mentel condition of personnel subject to
atthek: by &-toxic warhead. This, in turn, 1s releted to the type of activity
in which an individual 1s engeged, ranging from troops under the stress of
combat to more or less complacent workers located at great distances from
zones of combat. The conditlions for attack are further affected by the high
degree of readiness in combat areas, ranging down to a low order of discipline
amoi.g civilian populations instilled with & sense of security brought on by
their remoteness from the areas of conflict. Thus, the effectiveness of any
toxiec warhead cannct be measured against one fixed standard. All of the
facttors mentioned and more muet be considered to arrive at a realistic
meeasuvre of the value of the warhead.

The fin-stabilized test vehicle which was developed for use

in the test program in lieu of B-61A missiles 1s an excellent method for
testing warhead systems at speeds below Mack 1. 'The data obtained from the
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free~flight tests confirmed the reproducibility of the trajectory and
veloclities within very narrew limits. The low cost of producing the
vehicles and simplicity of supporting equipment are also factors of
conslderable Importance. Finally, the use of such a vehlcle offers
conslderable freedom of movement in planning and executing a test
program.

Without exception, the programming of warhead tesvs in
conjunctilon with a complete guided misslle restrlcts the test program to
the missile test facility, which 1s not always suitable for warhead testing.
If the warhead test program can be separated from the missile test progrem,
schedules may be established whick cen keep pace with warhead development
and not be affected by missile schedules or delaye in executing the
scheduled flights. Conversely, the missile test program will not then be
delayed because of any slippage in the warhead program. Furthermore, the
choice of facilities for assembly, storege, and flight testing would be
greatly expanded by this separation of warhead and missile during the test
phases.

|
The date obtained from the series of fin-stabilized warhead 1
tests are considered tc be representative of results which would be obtained
from flights on B-61A missiles. This opinion is based solely on theoretical
performance calculations for the missile, but missile performance up to the
dump point has so far proved the accuracy of the calculations, From the
dump point to the target the data for the missile are not very informastive

"dus primarily, to the tendency of the missile to break up somewhere along

the terminal dive path. Again, from the evidence, date based on theoretical
missile performance in the terminsl dive, the fin-stabilized warhead
functioned witbin the design value of 3% error.

Some of the modifications made Yo insure warhead separation
from the fin-stabilized afterbody are pecullar to the test vehicle because
of its symmetrical shape and would not be required for the missile version.
Tt has already been shown that the sudden shift in the center of gravity of
the misslle afterbody at the moment of bolt detonetion causes a rapid stall,
which insures werhead separation and alsn prevents interference of the
afterbody with the unit munitions.

Range instrumentatlon at Holloman ADC also played a vital
part in the results of the test program. The excellent Askanig coverage
provided data which gave a full picture of the drope, elther from time of
release to warhead separation, or to the target area in the case of those
vhich falled to function. The Askania coverage on the last two drops was
canceled because of unfavorable meteorological condltions at drop time.
However, the tests would not bave been conducted without Askanie coverage if
the prolect had hed any possibility of continuing. As it was, it was felt
that enough data had been obtained from prior drops to prove the reproduc-
ibility of the trajectory. The velocity and position date availuble
immediately from the radar plotting boards would provide reasonably complete
information.
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One matter which should be investigated 1s the problem of
determining the exact moment of release from the carrier aircraft or,
even more precisely, the moment at which the timers are actuated. Zero
time on ‘the tests was usually an srbitwmy point, selected by examination
of the processed Askanila film, and there was no possible way of pinpointing
the gxact moment of release., One method of establishing zero time would
be to utlilize a very high candlepower light source, which would light up
at the moment the timers are actuated. Ancther possiblity would be to
utilize radar btombing in conjunction with a continuous time-tone signal
whith cuts off at the moment of release. The latter method is not as ekect
as the former, becauyse it provides dats on the moment of release only and
not on the moment at which the timers are actuated.

From date recorded in appendix G, it would appear at first
glence that the bomb pattern is not repmoducible, but further examination =
shows that the patterns for FSW 87A-1 and FSW 87A-5 are nearly identical.
Appendix D shows that the conditions of f£flight for these two warheads were
also very similar. Moreover, the two warheads performed at opening as
plenned, thus indicating that performance may be duplicated.

For FSW 87A-4 end FSW 87A-7, the variation in results can be
attributed to two factors. In the first place, each of these two warheads
opened prembturely after seperstion from the afterbody and caused the
individual munitions (those that d1d come out) to trall out of the adapter.
Secondly, FSW 87A-7 had 190 1b. of ballast in the cluster which was not
included in FSW 87A-4. This additional weight increased the velocity at
opening and also & greater dive angle at the time of opening. It is belleved
that these variations from a normal opening were enough to alter the patterns
as shown in appendix G.

Thus, 1t would appear that an efflclent opening system places
a penalty on the slze of pattern which can he obtained. THe obvious answer
is to work backward from this point and, while retaining the efficient
opening, sttempt to increase the time interval over which the individusl
munitions are released. Only in this wey can an effective area coverage be
achieved; but, even with this, it can be assumed that the pattera will be
characteristically long and narrow.

Referring to the area coverage of FSW 87A-1, for example, an
increase of 509 in the pattern radius would be necessary to achieve the
desired area coverage. How thils can be accomplished with the exlsting system
is not known, nor does 1t now appear to be possible. If, on the other hand,
the elliptical pattern is considered, it would require no more than & 19%
increase slong the major axis to achleve the desired area coverage, basing
this conclusion on the performance of FSW 87A-4.
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It would seem then that the slow release of the munitions for
an elllptical pattern would be the easlest way to bring the system up to at
lesst its minimum capability, that is, the coverage resulting from e Gaussian
distribution.

VI. CONCLUSIONS.

1. A complete gas warhead system for the B-61lA missile has been
designed and pertlally tested. However, indications are that the toxic
coverage attained falls short by approximetely 50% of the potential
capabllity of a warhead of this design.

2. A new approach to the problem incorporating some type of
dispersion mechanism or a new self-dispersing munitdon would be necessary
to achleve a better coversge of the target with agent.

3. The large errors which exist in the terminal dive phase of

the B-61A missile at the present time make it questionable whether any
reasonable degree of accuracy can be achieved utilizing the ES54R6 bomblet.

VII. RECOMMENDATIONS. ‘

None, since the project has been canceled, and no further
effort will be applied.
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APPENDIX A

FREE-FLIGHT TEST PROCEDURE, B-61A FIN-STABILIZED WARHEAD*

The target used is

shown in fig. 54. In fig. 55 the

fin-stabilized warhead 1s shown as 1t left the aircraft.

I,

Test Conditlons

A,

B.

CC

D.

**E .

Aireraft:

Target:
Releasge altitude:

True air speed:

Puze setting:

1. Warhead separation
2. Cluster release

Direction of drop:

Range bombing system:

Speclal instructions:

Unless verhbally changed:
left-hand pattern, final heading 240° magnetic.
17,070 ft. short of Tarzon target.

B-36F
Tarzon (Holloman ADC)
35,000 ft. (MSL)

350 m.p.h.

240° Magnetic (WSW)
253° True

Radar guildance

Guide the drop aireraft in a
Execute drop point will be
Count-down will be glven over VHF to

aireraft at one-minute intervals through X-2 minutes, then 90, 60, 45, 30,

20, 15, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 second drop.
"Red DO Es" .

I.

Communitaetions:

1. Intercom:

Aircraft call sign:

All stations listed on main intercom

Baker 11 on monitor (if manned)

2. VHF':

150.66 me. primary at X-rey-1 and King-l

149.22 mc. secondary at Queen-1. Tunable receiver
standing by on monitor amplifier at King~1

* This appendix 1s a copy of a manual prepared for use with the B-61A
fin-stabllized warhead.

**¥SubJject to variatlions based on deta from previous test.
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FIGURE 54

VIEW OF TARZON TARGET FROM 35,000 FT,
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FIGURE 55

FALL-AWAY OF FSW 87A-3 FROM B-36F ATRCRAFT
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II. Instrumentation

A.  Askanigs: I stetions (B & W-5 f.p.s.)

B. Servo-tracked camera: L Steation (B & W-T2 f.p.s.)

C. Hand-penned camerss: 2 Stations (C & B & W-16 f.p.s, & 72 fvp.s.)

D. Redar: X-ray-1 X-ray-2
1. Plotting board: Single Pen Double Pen
III. Data.
A. Date of test:
B. Time of test:

C. Aircraft type and number:

D. Alrcraft sltitude:

E. Alrcraft veloecity:

F. Alreraft azimuth:

i G. Release altitude:

H. Warhead separetion altitude:

I. Cluster opening altitude:

J. TPme from release to warhead separation:

K. Time from warhead separation to cluster opening:

L. Aireraft position data at time of release with reference to "Tarzon"
target or N.A.A. tower:

M. Missile position date at time of warhead seperation with reference
to "Tarzon" terget or N.A.A. tower:

| N. Warhead position datu at time of cluster opening with reference to
| "Tarzon' target or N.A.A. tower:

(

\

|

0. Wind and temperature date aloft to release altitude:
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P, Bomb Pattern:

1.
2.
3.
L,
5
6.
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No. flat landers:

No. without parachutes:

No. fuze malfunctions:

No. delay faillures:

Cause of delay fallures:

Photography as deemed necessary (stills):

Q. Target reference to bomb pattern survey station:

IV. Handling and Loading Procedure

A. Bill of material:

1.

warhead

warhead

2.

shipping containeir (1)*

Fin-stabilized warhead:

a. 87-2000000 Werhead essembly, comnlete, fin-stabilized

(1)
(2)
(3)

(%)
(5)
(6)
(7)

87-2000001 Nose section assembly, complete
87-2000003 Center section, fin-stabilized warhead

87-2000004 Aft sectlon assembly, fin-stabilized

87~2000005 X-freme assembly, nose bomb support
87-2000083 Hoist lug

87-2000034 Explosive bolt

. 872000018 Special bolt

Cluster, E125:

a. Dlustér, nofipersistent gas homb, 3000-1p.; E125, in

#Indicates number of itemsa-
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Fuze: ,
a. Bl23-2-510 Guided missile timer assembly (2)
Powers .

a. 18-10P Battery, 27 v., Bright Star (2)

b. DRL-T65 Battery reck (2)

c. Safety switeh (Microswitch no. BZ-2RM). (2)

5. Explosive Devices:

a. ESlDuPont U.8. Corps of Engineers elec., blasting cap (4)
b. No. 2 delay eléctric bissting cap (2)

t. Primacord, double strength, 35 ft.

d. Arming wire, w/Fahnestock elip and switch, 15 £t. (3)

e. Safety wire, w/Fahnestock clip and swivel, 3 ft. (3)

Handling equipment:

a. 87-2000041 Sling assembly - fin-stabilized warhead
(1) 87-2000041 Trunnion fittings (2)
(2) 258E9580~109 Plate (2)
(3) A623 "Pip" pin (2)
b. D21-TH§ Warheed loading stand (1)
c. De1-852 Cluster handling clamp
d. A4-15 Sling, wire, canvas, climax, 15 ft. (2)
e. Crane; heavy equipment, mobile
f. Joyce~Cridland "Meterialift"
g. '"Materialift" adapter cradle
h. M-5 Bomb traller

i. Bomb racks, 43,000-1b.
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0-600 in.-1b. cap. (
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Check-out Equipment:

8.

b'

Blesting galvanometer

0 to 50~v. d-c. Voltmeter

Miscellaneous tools:

Q.

b.

f.

h.
1.
3.
K.

No. 1 Phillips screwdriver (2)

No. 2 Phillips screwdriver (2)

FP-22 Phillips bit no. 2, "Snap-on" 3/8-in. drive (1)

K-l4 speed handle, "Snap-on" 3/8-in. drive (1)
8t-012 Phillips offset screwdriver, "Snap-on' mo. 1 & 2 bits
Standard blade screwdrivers, small and medium (2)

S§600-1 torque wrench, Armstrong Armalloy, 1/2-in. drive,
1

Socket, 5/8-in., w/1/2-in. drive (2)
Socket, 3/4-in., w/1/2-in. drive (2)
Pliers, disgonal, side-cutting (2)
Hemmer, claw, bell face, 16-0z. (2)
Wrench, box, 7/8-in. x 15/16-1in. (2)
Wrench, box, 9/16-in. x 5/8-in. (2)
Wrench, crescent, 10-in. (1)

Drill, hand, 1/4-in. capacity (1)
Drill, twist, no. L1 (3)

Drill, twist, no. 30 (3)

Drill, twist, no. 21 (3)

Drill, twist, no. 12 (3)

Drill, twist, no. F (3)
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u. Knife (1)
v. Tape, pressure-sensitive, 250-ft. roll (2)

B. Handling and lcading:

1. Belect sultable area of hard-surfaced dirt-fill, black top or
concrete, approximately 50 £f+. x 75 ft.

2. Remove hcld~downs from fin-stebllized warhead shipping crate.

3. Disconnect the four explosive bolts, 87-2000034, at station
120, and separate nose and tail to provide approximately 2 feet of working
clearance.

4. Install primacord in nose section, 87-00000L, in rubber
retaining strips (fig. 56).

5. Attach trunnion fittings, 87-2000041-1 at trunnion stafjon
76.594% on nose section assembly, 87-2000001. '

6. Remove top half of cluster shipping container (fig. 57).
7. Serew in cluster clamp stops in cluster.
8. Check latches in locked position.

9. Place cluster handling clemp, D21-852, around cluster at c.g.
clamp and lock (fig. 58).

10. Place X-frame on warhead loading stand, D21-798.
11. Secure sling plates to clamp trunnions by means of "Pip" pins.

12. Raise cluster from crate and rotate to vertical position
(£1g. 59).

13. Lower cluster onto warhead loading stand, D21-798, and
remove cluster handling eclamp, D21-852 (fig. 60).

1k. Secure sling plates to nose trunnions by means of "Pip" pins.

15. Reise nose section assembly high enough to clear vertical
height of cluster (fig. 61).

16. Secure tle-downs to  rward clevises on cluster (4 places)
(fig. 61).

17. Lower nose section assembly carefully over cluster (fig. 62).
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FIGURE 57

E125 CLUSTER WITH SHIPPING CRATE STRIPPED AWAY

FIGURE 58

VIEW OF E12% CLUSTER WITH CLUSTER HANDLING CLAMP TN PLACE
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18. Secure tile-downs to rear clevises on cluster (L places).

19.  Attach special bolts, 87-2000018, using torgue wrench to )
280 in.-1b.

20. Attach cable assembly at station 118 by picking up existing
AN520 screws. Ralfe and rotate nose to horizontel (fig. 63).

2l. Lower nose section assembly back into shipping crate,
leaving sling assembly in place (fig. 64).

22. Insert armiihg wire in dafepyrswifch afid attach red streamer.
23. Insert safety wire in delay E.B.C. satety switch.,

24. Remove center section door and mount timer assembly,
B423-2-510, to frame inside door.

25. Add safety wire to timer through missile crown in place of
short wire and attach red streamer.

26, Mount battery racks, D21-765, with batteries, 18-10P, to
aft slde of center section bulkhead.

27. Check continuity of circult.

28. Splice delay electric blasting caps to primacord at two
places, and check continuity.

29. Connect delay E.B.C!l!s.to-terminal strip in nose.
30. Disengage latches on cluster and lock open.
3. Connect cannon plugs on forward side of bulkhead (2 places).

32, Mate center section to nose section and attach by means of
explosive bolts. Check bolts for special washers and under head (figs. 65-66).

33. Insert arming wires in timer assemblies.
34. Plug in power leads to batimries.

35, Check for stray currents.

36. Set two timers and lock.

37. Pull firing-pin safety detents from timers.

38. Secure center section door.
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FIGURE &
E6 WARHEAD RATSED AND ROTATED TO HORIZONTAL ATTITUDE

FIGURE 6l

VIEW LOOKING FORWARD SHOWING E125 CLUSTER NESTED IN X~-FRAME
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FIGURE 65

CENTER SECTION SHOWING INTERIM FUZE AND TELEMETERING ELECTRICAL TNSTALLATIONS
READY FOR ATTACHMENT TO EGC WARHEAD

-
Y

va A
. AT

FIGURE 66
TAIL ASSEMBLY FOR ATTACHMENT T0 E6 WARHEAD

METHOD ¥OR POSITIONING
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39. Install electric blasting caps, E81, in explosive bolts and
make connections to terminel strips (fig. 67).

ol Install cover plates over explosive-bolt flttings.

k1. Install hoist lug, 87=2000033 on crown at station 120 and
attach cable assembly, 87-2000041-29.

k2, Raise complete warhead assembly and shift to modified bomb
dolly (fig. 68).

43,  Tow bomb dolly to "Materialift" loading pit.

L4, Ralse warhead fram trailer snd shift.to adapter cradle on
hydraulic 1lift.

k5. Secure warhead asssembly in place by means of tie-downs
between warhead trunnions and adspter cradle.

46. Raise warhead into bomb bay and secure by means of 43,000-1b.
bomb racks (figs. 69 to T1).

k7,  Attach sefety-switch arming wire and timer arming wire to
bomb rack.

48. Pull safety-switch safety wire with red streamers attached

(2 places; center section safety switch, nose section delay electric blasting
cap safety switch).
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FIGURE 67

BATHTUB FITTING SHOWING EXPLOSLIVE BOLT AND TERMINAL-STRIP INSTALLATION;
INTERIM-FUZE ARMING WIRES, MASTER-SWITCH ARMING WIRES, AND T14O4 FUZE ARMING
WIRES ARE ALSO SHOWN

FIGURE 68

ASSEMBLED FIN-STABILIZED WARHEAD ON DOLLY
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FIGURE 71

VIEW LOOKING FORWARD OF FIN-STARTLIZED WARHEAD IN POSITION IN B-36 BOMB BAY
SHOWING BOMB SLINGS IN PLACE
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APPENDIX F

BOMBS PATTERNS

Fig. 72, Fin-8tabilized Warhead 87A-1
Fig. 73, Fin-Stebilized Warhead 87A-4
Fig. T4, Fin-Stabilized Warhead 87A-5

Fig. 75, Fin-Stabilized Warhead 8T7A-T7

Bomb Symbol Legend

All compgnents functioned satisfactorily . . . .
Ballistics satisfactory; fuze did not axrm . . . .
Flat lander; fuze armed . - « « &+ « & s o o o o+
Delay did not functions « cvo o ¢ o ¢ o o ¢ o o

Parachute missing or other structural damage. . .

"

Béllistics satisfactory; fuze axrmed; did not function

00 bombs &4nd eluster adapter. . . « ¢ « &« + + o &

°

B3 bombs 1n CLUBLEL ¢ o o o « o ¢ ¢ o o 4 0 e s 0 4
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FIN-STABIT.IZED WARHEAD 87A-1
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15 DEC. 1953

DATE

TEST

SCALE 1"=100'

Appendix F
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FIGURE

FIN-STABILIZED WARHEAD 87A-4
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1"=50'

TEST DATE 24 FEB. 1954
SCALE

I

T
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FIGURE

FIN-STABILIZED WARHEAD 87A-5
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APPENDIX G

FIN-STABILIZED WARHEAD BALLISTIC DATA

Fig. 76, B6l Cluster Warhead Released from 35,000 £t. and 350 m.p.h.,
Altitude vs. Range

Fig. T7, B6L Cluster Warhead Released from 35,000 ft. and 350 m.p.h.,
Altitude vs. Time .

Fig. 78, B6L Cluster Warhead Released from 35,000 ft. and 350 m.p.h.,
‘ Veloclty vs. Time

4 12
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APPENDIX H

WARHEAD OPENING POINT CORRECTED FOR BALLISTIC WIND

Flg. 79 &ives a method for determining the point at which
the fin-stebilized warhead should be opened, taking into account the effect
of ballistic wind. Knowing the ballistic wind and the desired warhead
opening altitude, the amount of drift can be determined. Combined with the
direction of the ballistic wind, the offset point with respect to the target
can be established.

Exemple
Gifen:
Ballistic wind velocity - L4 m.p.h.
Ballistic wind direction - 135°
Opening altitude - 8,500 ft.

From the graph, the intersection of the opening-altitude line
with the ballistic-wind line is proJjected horizontally to the ahelssa to gilve
a drift reading of 3,640 f1. This distance is measured from the terget on a
line bearing 135° clockwise from the line of flight and establisheg the
warhead opening point.

The greph is applicable only to the fin-stabilized warhead and
would have to be redetermined for the missile or other test vehicle.

Data used in plotting the graph were obtained from ballistic
tables prepared by Balllstlc Research Laboratory, Aberdeen Froving Ground.
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APFENDIX I

LIST OF DRAWINGS COVERING B-61A CHEMICAL WARHEADS AND RELATED EQUIPMENT

Glenn L. Martin Compeny Drawings:

87-2000000
87-2000001
87-2000002
87-2000603
87~-2000004
87-2000005
87-2000006
87-2000007
87-2000008

87-2000009

87-2000010

87-2000011

87-2000012
87-2000013
87~2000014
87-2000015
87-2000016
87 -2000017
87-2000018

87-2000019

Warhead Assembly, Complete, Fin-Stabilized Warhead

Nose Section Assembly, Complete, Fin-Stabllized Warhead

Shts. 1 - 3, Frame Assembly, Nose Sta. 40.125 to 118.375

Shts. 1 ~ 5, Center Section, Fin-Stabilized Warhesad

Shts. 1 - 4, Aft Section Assembly, Fin-Stabilized Warhead
X-Frame Assembly, Nose Bomb Support

Cap Assembly, Nose, Fin=-Stabilized Warhead

Bulkhead, Center Section, Sta.il19.906, Fin-Stabilized Warhead
Frame - Sta. 128, Center Section, Fin-Stebilized Warhead

Frames - Sta. 40.125, 41.875, and 118.375, Fin-Stebilized
Warhead -~ Nose Sect.

Frame - Sta. 58.750, Fin-Stabilized Warhead

Frames - Sta. 93 and 106,250, Fin-Stabilized Warhead - Nose
Section

Frames - Sta. 74.969 and 78.219, Fin-Stebilized Warhead
Channel, Nose, X-Frame

Web, dose, X-Frame

Fitting, WNose, X-Frame

Longeron, Upper and Lower, Nose

Fitting, Nose Trumnnion, Sta. T76.594

Bolt, Special, Fin-Stabilized Warbeed

Frame - Sta. 176, Center Section, Fin-Stebilized Warhead

UNCLASSIFIED

139




]

87-2000020
87-2000021
87-2000022
87000023
87-2000005
87-2000026
87-2000027
872000028
87-2000029
87-2000030
87-2000031
87-2000032
87-2000033
87-2000034
87-2000035
87-2000036
87-2000037
87-2000039
87-2000040
87-2000041

UNCLASSIFIED

Splice Fitting, Nose, Sta. 118.375

Stringer, Nose, Sta. 78.219 to Sta. 118.375

Clip, Longeron, Nose, Sta. 78.219

Web, Sta. T4.968 to Sta. 78.218, Nose

Hoist Fitting, Bulkhead 119.906, Center Section

L.E. Fin Tip Former, Fin-Stabilized Warhead

L.E. Fin Tip Former, Fin=-Stabilized Warhead

Drag Pin, Center Section, Fin-Stabilized Warhead

Fitting Assembly, Sta. 120, Fin-Stebilized Warhead, Lower
Fitting Assembly, Sta. 120, Fin-Stabilized Werhead, Upper
Fittings, Tension Bolt, Sta. 128

Fitting Assvmbly, Shear Pln, Sta. 120, Welded, Center Sect.
Hoist Lug, Bulkhead 119.906, Complete Nose

Detail, Explosive Bolt, Sta. 118.375

Detalls, Explosive, Fin-Stabllized Warhead

Details, Nose Section, Fin-Stabilized Warhead

Palnt Scheme, Fin-Stabillzed Werheead

Intercostal, £ts. 58-3/4 - T4-31/32, Fin-Stabilized Warhead
Intercostal, Sta, 78-7/32 « 93, Fin-Stabilized Warhead

Shts. 1 and 2, 8ling Assembly, Fin~Stabilized Warhead

Chemicel Warfare lLaboratories Drewings:

D314-23~3235 Plastic cluster Adapter and Lock Mechanism

D314-23-3236 Adapter, Details

D314~23-3237 Cluster Adepter Mold

Appendix I
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D314-23-3238
D3Lh-23-3239
D314-23~3240
D314~23-3241
D31k4-23-3242
D31k-23-3653
D314-23-3356
Ah23-1-23i(c)
Ag1%-23-3350(C)
B314-23-3347(C)
E423-1-233(C)
D314~-34-101
D314-34-102
D423-4-101

B423.-1-232

List of Material

UNCLASSIFIED

Pre-Molded Insert Mold

Inner Liner & Spacer Arrangment, Bomb Arrangement 3
Sht. 1 & 2, Cluster Adapter Ley-Up

Cluster Adapter Mold Inserts, Details & Assembly
Mechanism, Locking, Details

Adapter, 3,000-1b. Cluster, E54, Drawing List & Specs.
Filler & Spacers, Details (for- E125 Cluster)

Warheads, E6, E7, E8, List of Dwgs. & Specs.

Cluster, Non-Pers. Gas Bomb, 3,000-1b., £125, Dwg. List & Specs.
Cluster, Non-Pers. Gas Bomb, 3,000-1b., E125, Assembly

Werheads, E6, E7, E8, Assemblies

Clamp, Cluster Handling, Assembly and Detail

Clamp, Cluster Hendling, Assembly and Detail

Warhead Loading Stand, Assembly and Details

Fixtures, Cluster Tie-Down, Assembly and Details

23 Ea. ~ Fin-stabilized Warheads, 8TA-2000000

3 Ea. - B~61A Chemical Warhead Nose Casings, 87A-2000001

31 Ea.

2 Ea. =~ Cluster

2 &'

1 Ea.

2 Ea.

Adapter, 3,000-1b., Cluster, ES54, D314-23-3235

Handling Clamp, D3L4-34-101

Sling Assembly, 87A-2000041
Clustering Stand

Warhead Loading Stand, D423-4-101

2 Ea. ~ Shipping Container Components, Unassembled

1l Fe., ~ Warhead

Appendix 1

Static Test Stand

UNCLASSIFIED
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UNCLASSIFIED
DISTRIBUTION LIST NO. 36

Copies made: 1h6é

1 CWL Library, CW Laboratories (Record Copy)
2 = 10 CWL Library, CW Laboratories
11 Director of Development, Thrus CWL Library
12 - 13 Chief, Munitions Development Division, Thru: CWL Library
1L = 15 Air Force Ammunition Services Office, Symbol: OOR, Hill Air Force
Base, Utah
16 Army Environmental Health Laboratory, Bldg., 1235, Army Chemical
Center, Md.
17 Assistant CCmlO for Planning & Doctrine Office, Chief Chemical Officer,
Dept. of the Amy, Washington 25, D, C,
18 = 23 British Liaison Officer, Bldg. 330, Army Chemical Center, Md,
2l - 28 Canadian Army Technical Representative, Bidg. 330, Army Chemical Center,
Md,
29 CmlC Advisory Council, Room 112, Bldg., 330, Army Chemical Center, Md,
30 - 31 Chief, Bureau of Ships, Code 312, Room 1528 (Technical Library) Main
Navy Bldg., Washington 25, D, C,
32 = 3 Chief Chemical Officer, Dept. of the Army, Washington 25, D, C.
35 - 36 Chief of Ordnance, Dept. of the Army, Ordnance Research & Development,
The Pentagon, Washington 25, D, Co, Attn: ORDTA
37 Chiefy; Office of Pathology and Allied Sciencies Consultant, Office
of the Surgeon General, Dept. of the Army, Washington 25, D. C,
'~ =~ 38 Chief, Preventive Medicine Division, Office of the Surgeon General,
Dept., of the Army, Washington 25, D. C,
39 Chiefy; Research and Development Division, Office of the Surgeon
General, Dept. of the Army, Washington 25, D, C.
40 - 41 Chief, Technical Operations, Dugway Proving Ground, Dugway, Utah,
Attn; Chief, Technical Library
42 Commandant, Command & General Staff College, Ft. Leavenworth, Kansas,
Attn: Archives
L3 Commandant, Marine Corps Schools, Quantico, Va,
Ll - 45 Commandant, School of Aviation Medicine, USAF, Randolph Air Force
Bagse, Texas, Attn: Research Secretary
46 Commandant, The Armorad School, Ft, Knox, Ky., Attn: AICBB-G
47 = 49 Commandant, The Artillery & Guided Missile School, Ft. Sill, Oklahoma,

Attng DAC

50 Commandsiit, The Army Aviation School, Ft, Rucker, Ala,, Attn:
Librarian

51 Commandant, The Infantry School, Ft, Benning, Ga,, Attn: Chemical
Instructor

52 Commandant. U, S, Marine Corps (AO3H) Washington 25, D, C,
53 Commander, 3415th Technical Training Wing, Lowry Air Force Base,
Colorado
SL - 55 Commander, Air Force Cambridge Research Center, L. (. Hanscom Field
Bedford, Mass., Attngy CROOTT~2
56 = 57 Commander, Alr Force Speclal Weapons Center, Kirtland Air Force Base,
New Mexico, Attn: SWOI
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58
59 - 60
61 - 65
66 - 68

69
70 - 72

73
h
75 = 76
17
78 - 80

4 81

82
83

8l

85
86 - 89
20

91 - 93
9 - 96

97 - 98
99

100

UNCLASSIFIED

DISTRIBUTION LIST (Contd,)

Commander, Air Proving Ground Command, Eglin Air Force Base, Fla,,
Attn: Adj/Technical Reports Branch
Commander, Air Research and Development Command, P, O, Box 1395,
Baltimore 3, Md., Attn: RDTDAB
Commander, Armed Services Technical Information Agency, Document
Service Center, Knott Bldg., Dayton 2, Chio, Attn: TICSCP
Commander, BW Laboratories, Ft. Detrick; Frederick, Md., iAttns
Documents Section, E & D Branch, RI&O Division
Commander, BW Laboratories, Ft., Detrick, Frederick, Md., Attn:
Program Goordination Office
Commander, Headquarters, Quartermaster Research & Development Command,
Quartermaster Research & Development Center, Natick, Mass,, Attn:
Technical Library
Commander, Picatinny Arsenal; Dover, New Jersey, Attns Technical
Information Section
Commander, U, S, Naval Ordnance Test Station, (Code 753) China Lake,
California
Commander, Warner Robins Air Materiel Area, Robins Air Force Base ’
Gaesy Attns Assistant for Programming
Commander, Wright Air Development Center, Wright-Patterson Air Force
Base, Chio, Attns WCRDF-6
Commanding General, Aberdeen Proving Ground, Md., Attn: Technical
Library Branch, Bldg. 313 2
Commanding General, Army Chemical Center & Chemical Corps Materiel
Command, Army Chemical Center, Md., Attn: Production Branch,
Industrial Division
Commanding General; CmlC Research and Development Command; Dept. of
the Army, Washington 25, D. C.
Commanding General, Engineer Research & Development Laboratories,
Fto Belvoir, Va,, Attn: Chief, Agents and Techniques Section, Fire
Fighting Branch
Commanding General, Engineer Research & Development Laboratories,
The Engineer Center, Ft., Belvoir, Va., Attn: Technical Document
Center
Commanding General, Headquarters, Ordnance, Ammunition Command, U, S.
Army, Joliet, Illinols, Attn; ORDLY~S
Commanding General, Redstone Arsenal, Huntsville, Ala., Attn; Technieal
Library
Commanding General, U, S, Army Combat Development Experimental Center,
Ft. Ord, California
Commanding Officer, CmlC Engineering Commawd, Arxmy Chemicpl Cgnter, Md.
Commanding Officer, CmlC Intelligence Agency, Room G716, D=7, Gravelly
Point, Washington 25, D, C.
Commanding Officer, CmlC Training Command, Ft, McClellan, Ala,
Commanding Officer, Transportation Hesearch and Development Command,
Ft, Eustis, Va,, Attn: Special Projects and Analysis Division
Commanding Officer, U, S, Naval Air Rocket Test Station, Lake Denmark,
Dover, New Jersey, Abtin: Technical Library
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lo1
102

103
10L

105
106
107
108

109
110

112

1172
1
115
116
117
118
120
121
122
123
120
125

UNCLASSIFIED

DISTRIBUTION LIST (Contd.)

Commanding Officer, U, S, Naval Medical Research Unit No, 1, Bldge.
T-1%, University of California, Berkeley L, Calif,

Commandiiig Officer, Ordnance Materials Research Office, Watertown
Arseral, Watertown 72, Mass.

CONAEL Liaison Officer, Bldg. 330, Army Chemical Center, Md,

Deputy Chief of Staff for Military Operations, Dept., of the Army,
Washingtoa 25, D, Co, Attn: Requirements Planning Division

Director, Air University Library, Maxwell Air Force Base, Ali.,
Attng  AUL=L6TL

Director, CmlC Operations Research Group, Bldg. L83, Army Chemical
Center, Md,

Director, Marine Corps Development Center, Marine Corps Schools,
Quantico, Va, :

Director, USAF Project RAND, The RAND Corporation, 1700 Main St.,
Sante Monica, Calif,, Attn: Librarian, Thru: Comdr, Norton AFB,
Calit,, Attn: SBAMA Liaison Office

Directur, Walter Reed Army Institute of Research, Walter Reed Army
Medica) Center, Washington 12, D, C,

Di;ectar » Weapons Systems Evaluation Group, The Pentagon, Washington
25, D, C.

Engineer Diuvision Military Construction, Office, Chiet of Engineers
Washington 25, D, C., Attn: Protective Construction Branch (ENGEBS
Executive Secretary, @oordinating Committee on Biological=Chemical
Warfare, Office of Assistant Secretary of Defense, Research and
Development, Room 3D 1050, The Pentagon, Washington 25, D, C.,
Attn: Chief, Library Branch .

Executive Secretary, Military Liaison Committee, 1901 Constitution
Ave,, Washington 25, D, C.

Headquarters, Air Force Armament Center, Air Research and Development
Command, Eglin Air Force Base, Fla,, Attn: ACXC

Headquarters, Air Materiel Command, Wright-Patterson Air Force Base,
Ohlo, Attr.; MCTSM, AF Ammunition Safety and Surveillance Branch
Headquarters, CONARC, Ft, Monroe, Va,, Attns ATCML

Headquarters, CONARC, Ft, Monroe, Va., Attn: ATDEV-1

Headquarters, CONARC, Ft. Monroe, Va., Attn: ATDEV-3

Headquarters, Strategic Air Command, Offutt Air Force Base, Nebraska,
Attn; IGABD

Headquarters Tactical Air Command, Langley Air Force Base s Vae,
Attn: TMAR

Headquarters, USAF, Combat Components Division, D/R&D, DCS/D,
Washington 25, D, C,

Los Alamos Scientific Laboratory, P. 0. Box 1663, Los Alamps, New
Mexico, Attn: Report Librarian

Office Chief of Urdnance, Dept. of the Army, Washington 25, D, C,,
Attn: ORDIB~Ballistic Section

Office Chief of Ordnance, Dept. of the Army, Washington 254 Lo Jop
Attng: ORDTU
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128 - 129
130

131

132
133

13k
135
136
137 = 138
139
10 - 141
142
1h3 -~ 145

146
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DISTRIBUTION LIST (Contd.)

Office, Chief of Ordnance,
Attno ORDTX-AR
Office, Chlaf of Ordnance, Dept. of the Ammy, Washington ¢, D C,,
Attn; Safety Branch, IS&S Office, Pentagon Annex 2, Roor 304
Office, Chief of Transportation, Office of Planning and Ir:3ll5eene.
Strategic Plans Branch, Room 2811 - Bldg. T~7, Gravelly liat, Va.
Office, Chief, Research & Development, Dept. of the Army, lurector
of Development, Washington 25, D, C., Attn: Col. Harvey ..eppard,
Combat, Materiel Branch '
Operations Ressarch Office, The Johns Hopkins University, ,1C0
Connecticut Avenue, Chevy Chase, Md., Attn: Library
President, CmlC Board, Army Chemical Center, Md,
President, US Army Air Defense Board, 710Lth SU,
Texas
President, US Army Armor Doard, CONARC, Ft, Knox, Ky.

Dept, of the Army, Washington 25, D, Csy
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CONARC 3 '.'.i. o » ]‘311539

President, US Army Artillery Board, CONARC, Ft. 81ill, Okl .»ma
Safety Director, White fSands Proving Oround, New Mexico
Saidia Corporation, Sandia Base, Albuquerqus, New Mexico, ' 4n:

Classifled Document Division
Secretary, CmlC Technical Committee, Room 211, Bldg, 1, A ¥
Center, Md,
Surgeon, Headquarters Tactical Air Command, Langley Air Fi.uo Buse,
Va,
The Direactor, Armed Forces Inotitute of Pathology, Walter
Medical Cﬂnt&r, 68?“ léth Str.. Nt W., WHahington 25' DQ (
USAEC Technical Information Service, P. 0. Box 62, Oak Ri(;y
Attn: Doocument Procesaing Branch .
V. 5, Naval Radiological Defonse Laboratory, San Franciscc %), Calif.,
Attn:  Library Branch, Code 3-222A
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